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/,672)$%%5(9,$7,216 
$0'0 DFURPHVRPHOLFG\VSODVLDW\SH0DURWHDX[ 
%%6  %DUGHW%LHGOV\QGURPH 
&13  &W\SHQDWULXUHWLFSHSWLGH 
&*+  FRPSDUDWLYHJHQRPLFK\EULGL]DWLRQ 
&19  FRS\QXPEHUYDULDQW 
)$&6 IOXRUHVFHQWDFWLYDWHGFHOOVRUWLQJ 
),6+  IOXRUHVFHQWLQVLWXK\EULGL]DWLRQ 
)+6  )UDPLQJKDP+HDUW6WXG\ 
*$'  JOXWDPLFDFLGGHFDUER[\ODVHDQWLERG\ 
*+  JURZWKKRUPRQH 
*:$6 JHQRPHZLGHDVVRFLDWLRQVWXGLHV 
+*0' +XPDQ*HQH0XWDWLRQ'DWDEDVH 
,$  LQVXOLQRPDDQWLERG\ 
,*) LQVXOLQOLNHJURZWKIDFWRU 
,*)5 LQVXOLQOLNHJURZWKIDFWRUUHFHSWRU 
,*)%3 LQVXOLQOLNHJURZWKIDFWRUELQGLQJSURWHLQ 
,66  LGLRSDWKLFVKRUWVWDWXUH 
0$)  PLQRUDOOHOHIUHTXHQF\ 
135 QDWULXUHWLFSHSWLGHUHFHSWRU% 
53  UHWLQLWLVSLJPHQWRVD 
20,0 2QOLQH0HQGHOLDQ,QKHULWDQFHLQ0DQ 
3%0& SHULSKHUDOEORRGPRQRQXFOHDUFHOOV 
6'6  VWDQGDUGGHYLDWLRQV 
613  VLQJOHQXFOHRWLGHSRO\PRUSKLVP 
83'  XQLSDUHQWDOGLVRP\ 
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$775,%87,216 
 'XULQJWKHVXPPHURI,VWDUWHGZRUNLQJZLWK'U$QGUHZ'DXEHUDSHGLDWULF
HQGRFULQRORJLVWDW&KLOGUHQ¶V+RVSLWDO%RVWRQ0RVWRIWKHFKDSWHUVRIWKLVSURMHFWDUH
PDQXVFULSWVRIQRZSXEOLVKHGSDSHUVWKDWGHYHORSHGRYHUWKHFRXUVHRIWKDWLQLWLDOVXPPHUDQG
ZKLFK,FRQWLQXHGWRZRUNRQGXULQJP\FOLQLFDO\HDUV:HFROODERUDWHGZLWKPDQ\PHPEHUVRI
'U-RHO+LUVFKKRUQ¶VODEDQGRWKHUVDWWKH%URDG,QVWLWXWH:HDOVRFROODERUDWHGH[WHQVLYHO\
ZLWK'U9LYLDQ+ZDDQG'U&KULVWLQD-DFREVHQ%HFDXVHPXFKRIWKHZRUNSUHVHQWHGLQWKLV
SURMHFWZDVFROODERUDWLYH,KDYHDWWHPSWHGWRGHOLQHDWHP\VSHFLILFFRQWULEXWLRQWRHDFKRI
WKHVHFKDSWHUV 
&KDSWHU,, 
+HDWKHU&DUPLFKDHO3HUIRUPHGDQDO\VLVRIZKROHH[RPHVHTXHQFLQJGDWDWRVHOHFWFDQGLGDWH
JHQHV:URWHWKHLQLWLDOGUDIWRIWKHPDQXVFULSWDQGWRJHWKHUZLWK$'-1+DQG<6HGLWHG
ODWHUGUDIWVDQGVXEPLWWHGIRUSXEOLFDWLRQ 
$QGUHZ'DXEHU5HFUXLWHGDQGVHOHFWHGSDWLHQWVZLWKLGLRSDWKLFVKRUWVWDWXUHVXLWDEOHIRUZKROH
H[RPHVHTXHQFLQJ&RQWULEXWHGWRWKHZULWLQJRIWKHGUDIWDQGSURYLGHGH[WHQVLYHIHHGEDFNDQG
HGLWVWRWKHPDQXVFULSW 
-HQQLIHU0RRQ3HUIRUPHGFRQILUPDWRU\JHQRW\SLQJIRUVHOHFWFDQGLGDWHYDULDQWV 
7KXWUDQJ71JX\HQ3HUIRUPHGFRQILUPDWRU\JHQRW\SLQJIRUVHOHFWFDQGLGDWHYDULDQWVDQG
GHWHUPLQDWLRQRIXQLSDUHQWDOGLVRP\ 
<LSLQJ6KHQ3HUIRUPHG&19PLFURDUUD\DQDO\VLVDQGSURYLGHGWKHWH[WRQWKLVVHFWLRQRIWKH
SDSHUDVZHOODV)LJXUH 
-RHO1+LUVFKKRUQ3URYLGHGH[WHQVLYHIHHGEDFNDQGHGLWVWRWKHPDQXVFULSW 
&KDSWHU,,, 
+HDWKHU&DUPLFKDHO3HUIRUPHGDQDO\VLVRISRWHQWLDOSDWKRJHQLFYDULDQWVLQFOXGLQJDQDO\VLV
DQGFKDUWUHYLHZVIRUSDWLHQWVZLWKSRWHQWLDOPXWDWLRQVLQ,*)5&RPSDUHGSRWHQWLDO
SDWKRJHQLFYDULDQWVLQWKHFRKRUWWRDGDWDEDVH+*0'RISUHYLRXVO\UHSRUWHGSDWKRJHQLF
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YDULDQWVZLWKLGHQWLILFDWLRQRIWKUHHVXEMHFWVZLWK1RRQDQ6\QGURPH:URWHWKHLQLWLDOGUDIWRI
WKHPDQXVFULSWWRJHWKHUZLWK$'DQG65: 
6RSKLH5:DQJ3HUIRUPHGDQDO\VLVRISRROHGVHTXHQFLQJGDWDLQFOXGLQJDVVHVVLQJIDOVH
SRVLWLYHDQGQHJDWLYHUDWHV7RJHWKHUZLWK+&DQG$'ZURWHWKHLQLWLDOPDQXVFULSW 
6KD\QH)$QGUHZ3HUIRUPHGIORZF\WRPHWU\H[SHULPHQWVIRUGHWHUPLQDWLRQRI,*)5
H[SUHVVLRQ 
9LYLDQ+ZD6XSHUYLVHGIXQFWLRQDOVWXGLHVIRUSRWHQWLDO,*)5PXWDWLRQV&RQWULEXWHG
VLJQLILFDQWO\WRZULWLQJWKHVHVHFWLRQVRIWKHPDQXVFULSW 
$QGUHZ'DXEHU5HFUXLWHGDQGVHOHFWHGSDWLHQWVZLWKLGLRSDWKLFVKRUWVWDWXUHVXLWDEOHIRU
LQFOXVLRQLQWKHWDUJHWHGVHTXHQFLQJFRKRUW7RJHWKHUZLWK-1+GHWHUPLQHGKHLJKWFDQGLGDWH
JHQHVIRUWDUJHWHGVHTXHQFLQJ&RQWULEXWHGWRWKHZULWLQJRIWKHGUDIWDQGSURYLGHGH[WHQVLYH
IHHGEDFNDQGHGLWVWRWKHPDQXVFULSW 
0LFKDHO$'HUU3HUIRUPHGLPPXQREORWH[SHULPHQWVRI,*)5 
-RHO1+LUVFKKRUQ7RJHWKHUZLWK$'GHWHUPLQHGKHLJKWFDQGLGDWHJHQHVIRUWDUJHWHG
VHTXHQFLQJ3URYLGHGH[WHQVLYHIHHGEDFNDQGHGLWVWRWKHPDQXVFULSW 
&KDSWHU,9 
+HDWKHU&DUPLFKDHO3HUIRUPHGDQDO\VLVRISRWHQWLDOSDWKRJHQLFYDULDQWVLQ135LQFOXGLQJ
FKDUWUHYLHZVDQGIDPLO\SHGLJUHHDQDO\VLV:URWHWKHLQLWLDOGUDIWRIWKHPDQXVFULSWWRJHWKHU
ZLWK$'65:DQG&0- 
6RSKLH5:DQJ3HUIRUPHGVFUHHQLQJDQGDQDO\VLVRI135YDULDQWVLQWKHDGGLWLRQDOVKRUW
VWDWXUHFRKRUWVLQFOXGLQJWKHKHLJKWH[WUHPHFRKRUWV7RJHWKHUZLWK$'+&DQG&0-
ZURWHWKHPDQXVFULSW 
&KULVWLQD0-DFREVHQ3HUIRUPHGIXQFWLRQDOVWXGLHVIRUSRWHQWLDO135PXWDWLRQV
&RQWULEXWHGVLJQLILFDQWO\WRZULWLQJWKHPDQXVFULSW 
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$QGUHZ'DXEHU5HFUXLWHGDQGVHOHFWHGSDWLHQWVZLWKLGLRSDWKLFVKRUWVWDWXUHVXLWDEOHIRU
LQFOXVLRQLQWKHWDUJHWHGVHTXHQFLQJFRKRUW&RQWULEXWHGWRWKHZULWLQJRIWKHGUDIWDQGSURYLGHG
H[WHQVLYHIHHGEDFNDQGHGLWVWRWKHPDQXVFULSW 
$DURQ%(GPXQG3HUIRUPHGIXQFWLRQDO135DVVD\VDQGSUHSDUHGGDWDIRUPDQXVFULSW 
9HURQLFD0HULFT5HFUXLWHGDQGSKHQRW\SHGSDWLHQWVZLWKLGLRSDWKLFVKRUWVWDWXUH 
7LPRWK\&0LOOHU5HFUXLWHGDQGSKHQRW\SHGSDWLHQWVZLWKLGLRSDWKLFVKRUWVWDWXUH 
-HQQLIHU(0RRQ3HUIRUPHGFRQILUPDWRU\VHTXHQFLQJRI135YDULDQWV 
5REHUW&2OQH\5HFUXLWHGDQGSKHQRW\SHGSDWLHQWVZLWKLGLRSDWKLFVKRUWVWDWXUH 
/LQFROQ53RWWHU6XSHUYLVHGIXQFWLRQDO135DVVD\VDQGUHYLVHGWKHVHVHFWLRQVRIWKH
PDQXVFULSW 
-HULG:5RELQVRQ3HUIRUPHGIXQFWLRQDO135DVVD\VDQGSUHSDUHGGDWDIRUPDQXVFULSW 
0DWWKHZ:DUPDQ6XSHUYLVHG135VHTXHQFLQJDQGIXQFWLRQDODVVD\V 
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,GLRSDWKLF6KRUW6WDWXUHDQG6NHOHWDO'\VSODVLD  
 *URZWKLVDQLPSRUWDQWIHDWXUHRIQRUPDOGHYHORSPHQWDQGGHYLDWLRQIURPWKHQRUPFDQ
EHDVLJQRIXQGHUO\LQJGLVHDVH,QWKHSHGLDWULFHQGRFULQRORJ\FOLQLFVKRUWVWDWXUHLVD
FRPPRQO\HQFRXQWHUHGSUREOHP$VKHLJKWKDVEHHQVKRZQWREHPRUHWKDQKHULWDEOHLWLV
QRWVXUSULVLQJWKDWPRVWFKLOGUHQZLWKVKRUWVWDWXUHKDYHDIDPLO\KLVWRU\RIVKRUWVWDWXUHDVZHOO
+RZHYHULQVRPHFDVHVFKLOGUHQKDYHVHYHUHVKRUWVWDWXUHWKDWLVRXWRISURSRUWLRQWR
SDUHQWDOKHLJKWV7KLVVHYHUHVKRUWVWDWXUHLVRIWHQDFFRPSDQLHGE\RWKHUV\QGURPLFIHDWXUHV
DQGWKHXQGHUO\LQJELRORJ\LQPDQ\FDVHVLVSRRUO\XQGHUVWRRG,QWKHVHFDVHVFKLOGUHQDUH
RIWHQGLDJQRVHGZLWKLGLRSDWKLFVKRUWVWDWXUH,66HYHQWKRXJKVRPHRIWKHPPD\KDYHDV\HW
XQUHFRJQL]HGV\QGURPHVRUVNHOHWDOG\VSODVLDVWKDWLQFOXGHJURZWKIDLOXUHDVDV\PSWRP 
 6NHOHWDOG\VSODVLDLVDJHQHUDOWHUPXVHGWRGHVFULEHDEQRUPDOJURZWKRUGHYHORSPHQWRI
WKHVNHOHWRQXVXDOO\UHVXOWLQJLQGLVSURSRUWLRQDOO\VKRUWVWDWXUH6NHOHWDOG\VSODVLDVDUH
LQGLYLGXDOO\YHU\UDUHEXWFROOHFWLYHO\RFFXULQOLYHELUWKVDQGUHSUHVHQWDSSUR[LPDWHO\
RIDOOELUWKGHIHFWV7KHVHGLVHDVHVFDXVHVLJQLILFDQWPRUELGLW\GXHWRWKHGHVWUXFWLRQRI
ERQHDQGFDUWLODJHFDXVHGE\DQJXODUGHIRUPLWLHVDVZHOODVRWKHUFRQGLWLRQVVXFKDVVSLQDO
VWHQRVLV7KHSDVW\HDUVKDYHVKRZQDGUDPDWLFLQFUHDVHLQWKHDELOLW\WRGLVWLQJXLVK
EHWZHHQWKHVHLQGLYLGXDOG\VSODVLDVRQWKHEDVLVRIFOLQLFDOUDGLRJUDSKLFPROHFXODUDQG
JHQHWLFIHDWXUHV8QGHUVWDQGLQJWKHJHQHWLFPROHFXODUDQGGHYHORSPHQWDOFDXVHVRI
VNHOHWDOG\VSODVLDVDVZHOODVVKRUWVWDWXUHPRUHJHQHUDOO\UHSUHVHQWVDQLPSRUWDQWILUVWVWHSLQ
GHYHORSLQJPROHFXODUO\WDUJHWHGWKHUDSLHVWRWUHDWWKLVFRPSOH[GLVHDVH 
 ,QGHHGWKHVWXG\RIVHYHUHUDUHPRQRJHQLFFRQGLWLRQVKDVLQWKHSDVWOHGWRQRYHO
WKHUDSLHVWKDWKHOSWUHDWDPRUHZLGHVSUHDGFRQGLWLRQ)RUH[DPSOHLQ&DUO0XOOHU
GHPRQVWUDWHGWKHJHQHWLFFRQQHFWLRQEHWZHHQHOHYDWHGFKROHVWHURODQGKHDUWGLVHDVHWKURXJKWKH
VWXG\RIIDPLOLDOK\SHUFKROHVWHUROHPLDZKLFKZDVPRUHH[WHQVLYHO\VWXGLHGE\$YHGLV
.KDFKDGXULDQLQWKHV7KLVJHQHWLFHYLGHQFHSURYLGHGLQSDUWWKHLPSHWXVIRUWKHVHDUFK
IRUSKDUPDFRORJLFDJHQWVGHVLJQHGWRWDUJHWFKROHVWHUROV\QWKHVLVDQGHYHQWXDOO\OHGWRWKH
GHYHORSPHQWRIVWDWLQV 
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*HQHWLF%DVLVRI+HLJKW 
7KHJHQHWLFEDVLVRIVKRUWVWDWXUHLVQRWFRPSOHWHO\XQGHUVWRRG6WDWXUHLVFOHDUO\D
SRO\JHQLFWUDLWZLWKQXPHURXVYDULDQWVZLWKLQWKHKXPDQJHQRPHFRQWULEXWLQJLQFUHPHQWDOO\WR
RYHUDOOKHLJKW(DUO\JHQRPHZLGHDVVRFLDWLRQVWXGLHV*:$6LGHQWLILHGPRUHWKDQORFL
DVVRFLDWHGZLWKVWDWXUHEXWFRPPRQYDULDQWVZLWKLQWKHVHORFLH[SODLQRQO\RIWKH
YDULDWLRQLQKXPDQKHLJKWDQGRQO\RIKHULWDELOLW\0RUHUHFHQWO\WKHUHVXOWVRID
*:$6PHWDDQDO\VLVIRUKXPDQKHLJKWLGHQWLILHGYDULDQWVZLWKLQWKHVHORFLWKDWDFKLHYHG
JHQRPHZLGHVLJQLILFDQFHDQGWRJHWKHUH[SODLQHGDSSUR[LPDWHO\RIKHULWDELOLW\
$GGLWLRQDOO\WKH\IRXQGWKDWQHDUO\RIKHULWDELOLW\FRXOGEHH[SODLQHGE\FRPPRQ
YDULDQWV7KHVHORFLLQFOXGHWKHZHOONQRZQSDWKZD\VDVVRFLDWHGZLWKJURZWKVXFKDVWKH
JURZWKKRUPRQH*+D[LVEXWDOVRKLJKOLJKWWKHPDQ\RWKHUSDWKZD\VWKDWPHGLDWHKHLJKW
%HWWHUJHQHWLFDQGPROHFXODUXQGHUVWDQGLQJRIWKHVHXQH[SORUHGORFLFRXOGOHDGWRQHZ
WKHUDSLHVDQGEHWWHUXQGHUVWDQGLQJRIVNHOHWDOG\VSODVLDVDQGVWDWXUHPRUHJHQHUDOO\ 
$VSUHYLRXVO\GHVFULEHGXSWRRIKHULWDELOLW\LQKHLJKWFDQEHH[SODLQHGE\FRPPRQ
YDULDQWV+RZHYHUWKHUHLVVWLOODVXEVWDQWLDOUROHIRUUDUHYDULDQWVSDUWLFXODUO\LQSDWLHQWVZLWK
H[WUHPHVKRUWVWDWXUH$SUHYLRXVVWXG\FRQVLGHUHGLQGLYLGXDOVDWWKHH[WUHPHVRIWKHKHLJKW
GLVWULEXWLRQEHORZWKHVWSHUFHQWLOHRUDERYHWKHWKSHUFHQWLOHDQGDQDO\]HGNQRZQKHLJKW
DVVRFLDWHGFRPPRQYDULDQWVLQWKHVHLQGLYLGXDOV7KH\IRXQGWKDWWKHHIIHFWVRIFRPPRQ
YDULDQWVLQWKHVHH[WUHPHSDWLHQWVDUHJHQHUDOO\VLPLODUWRWKHLUHIIHFWVLQWKHJHQHUDOSRSXODWLRQ
H[FHSWLQSDWLHQWVRIH[WUHPHO\VKRUWVWDWXUHEHORZWKHSHUFHQWLOH,QWKHVHSDWLHQWVWKH
HIIHFWVRIWKHFRPPRQYDULDQWVZHUHPXFKVPDOOHUWKDQH[SHFWHGLQGLFDWLQJWKDWDGGLWLRQDO
IDFWRUVLQIOXHQFHKHLJKWSDUWLFXODUO\LQWKRVHZLWKH[WUHPHO\VKRUWVWDWXUH:HK\SRWKHVL]HWKDW
WKHVHDGGLWLRQDOIDFWRUVDUHSRVVLEO\UDUHJHQHWLFYDULDQWVDQGWKDWVWXG\LQJDSRSXODWLRQRI
SDWLHQWVZLWKVHYHUHVKRUWVWDWXUHPRUHWKDQVWDQGDUGGHYLDWLRQVEHORZWKHQRUPHQULFKHVIRU
VXFKUDUHYDULDQWV$GGLWLRQDOO\WKHUHLVHYLGHQFHWKDWFRS\QXPEHUYDULDWLRQV²JHQHWLF
GHOHWLRQVRUGXSOLFDWLRQV²FRQWULEXWHWRVKRUWVWDWXUHDWWKHKHLJKWH[WUHPHV 
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:KROH([RPH6HTXHQFLQJDQG7DUJHWHG6HTXHQFLQJ 
 
 5HFHQWO\WKHGHYHORSPHQWRIQH[WJHQHUDWLRQ'1$VHTXHQFLQJWHFKQRORJLHVKDV
GUDPDWLFDOO\FKDQJHGJHQHWLFGLVFRYHU\UHVHDUFK:KROHH[RPHFDSWXUHDQGVHTXHQFLQJRI
DIIHFWHGLQGLYLGXDOVDQGLQVRPHFDVHVXQDIIHFWHGIDPLO\PHPEHUVLVRQHPHWKRGWKDWFDQEH
XVHGWRLGHQWLI\JHQHVDQGPXWDWLRQVDVVRFLDWHGZLWKUDUHGLVHDVHV0RVWUDUHPRQRJHQLF
FRQGLWLRQVDUHFDXVHGE\PXWDWLRQVLQWKHH[RQVRIWKHJHQHWLFFRGHWKDWLVWKHUHJLRQVRIWKH
JHQRPHWKDWHQFRGHIRUSURWHLQVLQWKHKXPDQERG\DQGZKROHH[RPHVHTXHQFLQJFDSWXUHVDQG
VHTXHQFHVWKHVHVSHFLILFVHFWLRQVRIWKHJHQRPH 
$VLJQLILFDQWGRZQVLGHRIZKROHH[RPHVHTXHQFLQJLVWKDWLWGRHVQRWDFFRXQWIRU
PXWDWLRQVWKDWRFFXULQQRQSURWHLQFRGLQJUHJLRQVRIWKHJHQRPHZKLFKFRXOGDIIHFWDPRQJ
RWKHUWKLQJVUHJXODWLRQDQGVSOLFLQJRIJHQHSURGXFWV+RZHYHUZKROHH[RPHVHTXHQFLQJ
LVDQHIILFLHQWILUVWVWHSWRLGHQWLI\SRWHQWLDOO\FDXVDOJHQHWLFPXWDWLRQVDVVRFLDWHGZLWKDGLVHDVH
SKHQRW\SH7KHVHTXHQFLQJGDWDFDQEHFRPSDUHGZLWKJHQRPLFGDWDEDVHVWRLGHQWLI\UDUH
JHQHWLFYDULDQWVDQGDOVRWRRWKHUDIIHFWHGLQGLYLGXDOVRUXQDIIHFWHGIDPLO\PHPEHUVWRUHGXFH
WKHQXPEHURIFDQGLGDWHJHQHVLGHQWLILHG7KHUDQJHRIFDQGLGDWHJHQHVFDQEHIXUWKHU
QDUURZHGE\FRQVLGHULQJZKDWLVDOUHDG\NQRZQDERXWWKHHQFRGHGSURWHLQLQRUGHUWRGHYHORSD
SODXVLEOHVWRU\IRUKRZWKHPXWDWHGSURWHLQFRXOGOHDGWRWKHSDWLHQWSKHQRW\SH%\
XQGHUVWDQGLQJWKHHWLRORJLHVRIWKHVHUDUHV\QGURPHVZHFDQGUDZLQVLJKWVDERXWWKH
SK\VLRORJLFDOPHFKDQLVPVLQYROYHGLQSDWLHQWVZLWKOHVVVHYHUHIRUPVRIWKHGLVHDVH 
7DUJHWHGVHTXHQFLQJLVDQDGGLWLRQDODSSURDFKWKDWFDQEHXVHGWRVHDUFKIRUUDUHYDULDQWV
WKDWPLJKWEHFDXVDOLQVKRUWVWDWXUH8QOLNHZKROHH[RPHVHTXHQFLQJWKLVPHWKRGVHOHFWVIRUD
WDUJHWHGVHWRIFDQGLGDWHJHQHVSULRUWRH[RQVHTXHQFLQJ7KLVPHWKRGUHOLHVRQWKHHIIHFWLYH
VHOHFWLRQRIDJURXSRIFDQGLGDWHJHQHVDVYDULDQWVLQRWKHUJHQHVZLOOJRXQGHWHFWHG+RZHYHU
WKLVPHWKRGLVFXUUHQWO\FRQVLGHUDEO\OHVVH[SHQVLYHWKDQZKROHH[RPHVHTXHQFLQJDOORZLQJ
IRUWKHVWXG\RIDODUJHUJURXSRILQGLYLGXDOVZLWKDGLVHDVHSKHQRW\SHDVLVGHVFULEHGLQPRUH
GHWDLOLQ&KDSWHU,,, 
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&RS\1XPEHU9DULDWLRQ 
 ,QDGGLWLRQWRWKHUHFHQWGHYHORSPHQWRIQHZVHTXHQFLQJWHFKQRORJLHVQRYHOJHQRW\SLQJ
DUUD\WHFKQRORJ\DOORZVIRUWKHUDSLGGHWHFWLRQRIJHQRPLFGXSOLFDWLRQVDQGGHOHWLRQVRUFRS\
QXPEHUYDULDQWV&19V&19VRIFKURPRVRPHTIRUH[DPSOHKDYHEHHQDVVRFLDWHGZLWK
DSKHQRW\SHRIH[WUHPHDQGHDUO\RQVHWREHVLW\*:$6RIFRS\QXPEHUYDULDWLRQKDYH
VKRZQDQLQFUHDVHGEXUGHQRI&19VLQSRSXODWLRQVZLWKERWKDXWLVPDQGVFKL]RSKUHQLD
7KHUHLVHYLGHQFHIRUDVLPLODULQFUHDVHGEXUGHQRI&19VLQSDWLHQWVZLWKVKRUWVWDWXUH
7KXV&19DQDO\VLVUHSUHVHQWVDQRWKHUPHWKRGRIJHQHWLFGLVFRYHU\WKDWFDQOHDGWREHWWHU
XQGHUVWDQGLQJRIWKHFRPSOH[SDWKZD\VLQYROYHGLQKXPDQJURZWK 
6KRUW6WDWXUH&RKRUW 
 3ULRUWRP\LQYROYHPHQWLQWKLVUHVHDUFKSURMHFWP\UHVHDUFKPHQWRU'U$QGUHZ
'DXEHUUHFUXLWHGDFRKRUWRISDWLHQWVZLWKLGLRSDWKLFVKRUWVWDWXUHDWWKH(QGRFULQHDQG
*HQHWLFVFOLQLFDW&KLOGUHQ¶V+RVSLWDO%RVWRQ7KHFRKRUWKDGSDWLHQWVDVRI$XJXVW
DQGWKHUHVHDUFKWHDPFROOHFWHG'1$VDPSOHVEORRGDQGVDOLYDIRUWKHVHSDWLHQWV$OOVXEMHFWV
ZHUHEURXJKWWRWKH&OLQLFDO7UDQVODWLRQDO6FLHQFH8QLWIRUDQLQLWLDOYLVLW$WWKLVWLPHWKH
UHVHDUFKWHDPFROOHFWHGDFFXUDWHDQWKURSRPHWULFPHDVXUHPHQWVVXFKDVKHLJKWZHLJKWDUP
VSDQVHDWHGKHLJKWOLPEPHDVXUHPHQWVDQGSXEHUWDOVWDJLQJDVZHOODVD'SKRWRJUDSKRI
WKHSDWLHQW$IXOOKLVWRU\ZDVWDNHQLQFOXGLQJEDFNJURXQGHWKQLFGDWDDQGKHLJKWDQGSXEHUWDO
GDWDRIDOOIDPLO\PHPEHUV0\PHQWRUDOVRFROOHFWHGEDVHOLQHPHDVXUHPHQWVRI,*)LQVXOLQ
OLNHJURZWKIDFWRU,*)%3LQVXOLQOLNHJURZWKIDFWRUELQGLQJSURWHLQDFLGODELOHVXEXQLW
DQGJURZWKKRUPRQHELQGLQJSURWHLQDQGDOVRSHUIRUPHGWK\URLGIXQFWLRQWHVWVDQGDERQH[
UD\IRUHDFKSDWLHQWLQWKHVWXG\ 
 3ULRUWRP\LQYROYHPHQWZLWKWKLVSURMHFW'U'DXEHUKDGVHOHFWHGIURPWKLVFRKRUW
DSSUR[LPDWHO\IDPLOLHVZLWKFDVHVRIVHYHUHLGLRSDWKLFVKRUWVWDWXUHDFFRPSDQLHGE\RWKHU
GLVWLQFWLYHV\QGURPLFIHDWXUHV7KHVHIDPLOLHVDOVRKDGSHGLJUHHVDPHQDEOHWRJHQHWLF
LQYHVWLJDWLRQVXFKDVFRQVDQJXLQLW\RUPXOWLSOHDIIHFWHGDQGXQDIIHFWHGVXEMHFWV7KLV
DOORZHGXVWRXVHIHDWXUHVRIWKHSHGLJUHHDQGWKHLQKHULWDQFHSDWWHUQWRQDUURZWKHUDQJHRI
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SRVVLEOHYDULDQWVWKDWPLJKWEHDIIHFWLQJSDWLHQWSKHQRW\SH7KHUHVHDUFKWHDPSHUIRUPHGZKROH
H[RPHVHTXHQFLQJRQDVXEVHWRIWKHVHSDWLHQWV$QRWKHUVXEVHWRIWKLVODUJHUFRKRUWZDV
VWXGLHGLQDQLQLWLDOWDUJHWHGVHTXHQFLQJSURMHFWZKLFKVHTXHQFHGJHQHVZLWKD
FRQQHFWLRQWRVKRUWVWDWXUHLQWKHVHLQGLYLGXDOV 
/LPLWDWLRQV 
7KHUHDUHLPSRUWDQWOLPLWDWLRQVRIWKHZKROHH[RPHVHTXHQFLQJDQGWDUJHWHGVHTXHQFLQJ
DSSURDFKHVWKDWPXVWEHFRQVLGHUHG)LUVWWKLVW\SHRIVWXG\DVVXPHVDSULRULWKDWUDUHDQG
SUHYLRXVO\XQGLVFRYHUHGPXWDWLRQVLQWKHH[RPHVRIWKHVHSDWLHQWVH[SODLQWKHH[WUHPH
SKHQRW\SHVREVHUYHG$VPHQWLRQHGHDUOLHUWKLVPHWKRGGRHVQRWGHWHFWYDULDQWVWKDWRFFXULQ
QRQFRGLQJUHJLRQVRIWKHJHQRPHZKLFKFDQDIIHFWDPRQJRWKHUWKLQJVWUDQVFULSWLRQDO
UHJXODWLRQRIWKHJHQH:HGLGQRWFRQVLGHUPRVWLQWURQLFYDULDQWVPHDQLQJZHPD\KDYH
PLVVHGLPSRUWDQWYDULDQWVWKDWFRXOGDIIHFWWUDQVFULSWLRQDOVSOLFLQJ7KXVWKHFULWHULDZHXVHG
WRQDUURZWKHODUJHQXPEHURIJHQHWLFYDULDQWVSUHVHQWLQHDFKSDWLHQWPD\KDYHE\GHVLJQ
H[FOXGHGLPSRUWDQWYDULDQWVIURPIXUWKHUVWXG\)XUWKHUPRUHWKHWDUJHWHGVHTXHQFLQJVWXGLHV
RQO\FRQVLGHUDQHYHQVPDOOHUVXEVHWRIJHQHWLFLQIRUPDWLRQWRVWXG\IRUUDUHYDULDQWV+RZHYHU
ZHEHOLHYHZHXVHGWKHVHOHFWLRQFULWHULDWKDWKDYHWKHKLJKHVWOLNHOLKRRGRI\LHOGLQJFDXVDO
YDULDQWVJLYHQWKHH[WUHPHQDWXUHRISDWLHQWSKHQRW\SHVLQWKLVFRKRUWDQGWKHNQRZQ
DVVRFLDWLRQEHWZHHQWKHJHQHVVHOHFWHGIRUWDUJHWHGVHTXHQFLQJDQGVKRUWVWDWXUH 
3URMHFW*RDOVDQG'HVFULSWLRQRI&KDSWHUVWR)ROORZ 
7KHVSHFLILFDLPVRIP\SURMHFWZHUHWR 
1. 'HILQHUDUHVHTXHQFHYDULDQWVDOOHOHIUHTXHQF\OHVVWKDQWKDWFRXOGFRQWULEXWHWR
DEQRUPDOJURZWKLQSDWLHQWVZLWKVHYHUHVKRUWVWDWXUHDQGV\QGURPLFIHDWXUHVRIXQNQRZQ
HWLRORJ\ 
2. :KHQSRVVLEOHOLQNLPSOLFDWHGJHQHVWRDSODXVLEOHGHYHORSPHQWDODQGSK\VLRORJLFDO
H[SODQDWLRQRIWKHSDWLHQW
VSKHQRW\SH 
&KDSWHU,,ZLOOGHVFULEHWKHUHVXOWVRIZKROHH[RPHVHTXHQFLQJLQRQHSDWLHQWZLWKVHYHUHVKRUW
VWDWXUHZLWKRWKHUV\QGURPLFIHDWXUHVZKRZDVGHWHUPLQHGWRKDYHXQLSDUHQWDOGLVRP\RI
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FKURPRVRPH&KDSWHU,,,GHVFULEHVWKHPHWKRGVRIWKHSRROHGWDUJHWHGVHTXHQFLQJSURMHFWDV
ZHOODVVRPHLQLWLDOUHVXOWVLQFOXGLQJWKHLGHQWLILFDWLRQRIWKUHHSDWLHQWVZLWKNQRZQPXWDWLRQV
FDXVDORI1RRQDQV\QGURPHDVZHOODVDSDWLHQWZLWKDQRYHOLQVXOLQOLNHJURZWKIDFWRU
UHFHSWRU,*)5PXWDWLRQ&KDSWHU,9GHVFULEHVWKHPXWDWLRQVIRXQGLQWKLVWDUJHWHG
VHTXHQFLQJFRKRUWLQWKHQDWULXUHWLFSHSWLGHUHFHSWRU%135JHQHDVZHOODVVHYHUDORWKHU
VKRUWVWDWXUHFRKRUWIXUWKHULQJWKHHYLGHQFHWKDWPXWDWLRQVLQWKLVUHFHSWRUPD\UHSUHVHQWD
UHODWLYHO\IUHTXHQWFDXVHRIIDPLOLDOLGLRSDWKLFVKRUWVWDWXUH 
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&+$37(5,, 
:KROH([RPH6HTXHQFLQJLQD3DWLHQWZLWK8QLSDUHQWDO'LVRP\RI&KURPRVRPHDQGD
&RPSOH[3KHQRW\SH 
+HDWKHU&DUPLFKDHO%$<LSLQJ6KHQ3K'7KXWUDQJ71JX\HQ%$ 
-RHO1+LUVFKKRUQ0'3K'$QGUHZ'DXEHU0'006F 
 
1. +DUYDUG0HGLFDO6FKRRO 
2. 'HSDUWPHQWRI/DERUDWRU\0HGLFLQH%RVWRQ&KLOGUHQ
V+RVSLWDO 
3. 'HSDUWPHQWRI3DWKRORJ\+DUYDUG0HGLFDO6FKRRO 
4. 'LYLVLRQRI(QGRFULQRORJ\%RVWRQ&KLOGUHQ¶V+RVSLWDO 
5. 3URJUDPLQ0HGLFDODQG3RSXODWLRQ*HQHWLFV%URDG,QVWLWXWH 
6. &HQWHUIRU%DVLFDQG7UDQVODWLRQDO2EHVLW\5HVHDUFK%RVWRQ&KLOGUHQ¶V+RVSLWDO 
7. 'HSDUWPHQWRI*HQHWLFV+DUYDUG0HGLFDO6FKRRO 
 
7KLVLVWKHDFFHSWHGYHUVLRQRIWKHIROORZLQJDUWLFOH 
&DUPLFKDHO+6KHQ<1JX\HQ77+LUVFKKRUQ-1'DXEHU$:KROHH[RPHVHTXHQFLQJLQD
SDWLHQWZLWKXQLSDUHQWDOGLVRP\RIFKURPRVRPHDQGDFRPSOH[SKHQRW\SH&OLQLFDOJHQHWLFV
GRLFJH3XE0HG30,'3XE0HG&HQWUDO
30&,'30& 
7KLVKDVEHHQSXEOLVKHGLQILQDOIRUPDW 
KWWSZZZQFELQOPQLKJRYSPFDUWLFOHV30& 
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$EVWUDFW 
 :KROHH[RPHVHTXHQFLQJDQGFKURPRVRPDOPLFURDUUD\VDUHWZRSRZHUIXOWHFKQRORJLHV
WKDWKDYHWUDQVIRUPHGWKHDELOLW\RIUHVHDUFKHUVWRVHDUFKIRUSRWHQWLDOO\FDXVDOYDULDQWVLQ
KXPDQGLVHDVH7KLVVWXG\FRPELQHVWKHVHWRROVWRVHDUFKIRUFDXVDOYDULDQWVLQDSDWLHQWIRXQG
WRKDYHPDWHUQDOXQLSDUHQWDOLVRGLVRP\RIFKURPRVRPH7KLVVXEMHFWKDVDFRPSOH[
SKHQRW\SHLQFOXGLQJVNHOHWDODQGUHQDOG\VSODVLDLPPXQHGHILFLHQFLHVJURZWKIDLOXUHUHWLQDO
GHJHQHUDWLRQDQGRYDULDQLQVXIILFLHQF\(LJKWHHQQRQV\QRQ\PRXVUDUHKRPR]\JRXVYDULDQWV
ZHUHLGHQWLILHGRQFKURPRVRPH$GGLWLRQDOO\SRWHQWLDOFRPSRXQGKHWHUR]\JRXVPXWDWLRQV
ZHUHGHWHFWHGRQRWKHUFKURPRVRPHVWKDWFRXOGOHDGWRDGLVHDVHSKHQRW\SHLQGHSHQGHQWRIWKH
XQLSDUHQWDOGLVRP\IRXQGLQWKLVFDVH6HYHUDOJHQHVZLWKSRWHQWLDOFRQQHFWLRQWRSKHQRW\SH
DUHGHVFULEHGQRJHQHVWRRGRXWDVDOLNHO\FDQGLGDWHWRIROORZXSZLWKIXQFWLRQDODQDO\VLV
7KLVVWXG\KLJKOLJKWVWKHSRWHQWLDOIRUGHWHFWLRQRIDODUJHQXPEHURIFDQGLGDWHJHQHVXVLQJ
ZKROHH[RPHVHTXHQFLQJFRPSOLFDWLQJLQWHUSUHWDWLRQLQERWKWKHUHVHDUFKDQGFOLQLFDOVHWWLQJV
)RUXPVPXVWEHFUHDWHGIRUSXEOLFDWLRQDQGVKDULQJRIGHWDLOHGSKHQRW\SLFDQGJHQRW\SLF
UHSRUWVWRIDFLOLWDWHIXUWKHUELRORJLFDOGLVFRYHULHVDQGFOLQLFDOFRXQVHOLQJ 
 
,QWURGXFWLRQ 
5HFHQWO\WKHGHYHORSPHQWRIQH[WJHQHUDWLRQ'1$VHTXHQFLQJDVZHOODVWHFKQRORJLHVWR
H[DPLQHJHQRPHZLGHFRS\QXPEHUYDULDWLRQKDYHGUDPDWLFDOO\FKDQJHGJHQHWLFGLVFRYHU\
UHVHDUFK7ZRUHODWHGWHFKQRORJLHV²ZKROHH[RPHVHTXHQFLQJDQGDUUD\FRPSDUDWLYH
JHQRPLFK\EULGL]DWLRQ&*+²DUHDOVREHLQJXWLOL]HGE\FOLQLFLDQVZLWKLQFUHDVLQJUHJXODULW\
DQGZLOOVRRQEHSDUWRIGDLO\SUDFWLFH7KHVHWRROVRIIHUJUHDWSURPLVHLQLGHQWLI\LQJ
FDXVDOPXWDWLRQVDQGGLVFRYHULQJQRYHOELRORJLFDOSDWKZD\V+RZHYHUWKHDPRXQWRI
LQIRUPDWLRQSURYLGHGE\WKHVHW\SHVRIVWXGLHVFDQJUHDWO\FRPSOLFDWHWKHLULQWHUSUHWDWLRQ
SDUWLFXODUO\LQWKHFOLQLFDOVHWWLQJ+HUHZHLOOXVWUDWHWKHFKDOOHQJHVRILQWHUSUHWLQJH[RPH
VHTXHQFLQJUHVXOWVLQDSDWLHQWZLWKDQXQGLDJQRVHGDQGFRPSOH[PHGLFDOSUHVHQWDWLRQZKRZDV
IRXQGWRKDYHXQLSDUHQWDOGLVRP\83'RIFKURPRVRPH 
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&DVH5HSRUW 
7KHSUREDQGLVFXUUHQWO\D\HDUROGIHPDOHZLWKPXOWLSOHPHGLFDOSUREOHPV+HUSDUHQWVDUH
QRQFRQVDQJXLQHRXVDQGDUHIURPWKH'RPLQLFDQ5HSXEOLF6HYHUH,8*5ZDVQRWHGDW
ZHHNVJHVWDWLRQDQGWKHSDWLHQWZDVERUQDWZHHNVJHVWDWLRQE\&DHVDULDQVHFWLRQZLWKD
ELUWKZHLJKWRIJ6'6(DUO\\HDUVZHUHQRWDEOHIRUPLOGJOREDOGHYHORSPHQWDO
GHOD\VKHVDWDWPRQWKVZDONHGDWPRQWKVKDGKHUILUVWZRUGVDWPRQWKVDQGVSRNH
ZRUGVDW\HDUV6KHJUDGXDWHGKLJKVFKRROZLWKVSHFLDOHGXFDWLRQFODVVHVDQGLV
FXUUHQWO\VHHNLQJYRFDWLRQDOWUDLQLQJ6KHZDVQRWHGWRKDYHDQXPEHURIG\VPRUSKLFIHDWXUHV
LQFOXGLQJPXOWLSOHVNHOHWDODQRPDOLHVOHDGLQJWRVXVSLFLRQRIDVNHOHWDOG\VSODVLD)LJXUH
+HUKDQGVDUHQRWDEOHIRUEUDFK\GDFW\O\ZLWKDSDOPOHQJWKRIFPWKFHQWLOHIRUD\HDU
ROGDQGDPLGGOHILQJHUOHQJWKRIFPWKFHQWLOHIRUD\HDUROG6KHDOVRKDVPLOG
FOLQRGDFW\O\RIWKHQGDQGWKILQJHUVVRPHVRIWWLVVXHV\QGDFW\O\RIWKHQGWKILQJHUVDQGDQ
DFFHVVRU\RVVLILFDWLRQFHQWHUDWWKHEDVHRIKHUQGPHWDFDUSDOVELODWHUDOO\6KHDOVRKDVSHV
SODQXVZLGHO\VSDFHGVWDQGQGWRHVDQGPLOGV\QGDFW\O\RIWKHQGDQGUGWRHV6KHFDUULHVD
GLDJQRVLVRI.OLSSHO)HLOV\QGURPHZLWKIXVLRQRI&DQG&VKRUWHQLQJRI&DQG&DQG
SDUWLDOIXVLRQRI&DQG&)LJXUH$GGLWLRQDOO\VKHKDVDG\VSODVWLFULJKWNLGQH\ 
'XULQJFKLOGKRRGVKHKDGUHFXUUHQWVLQXVLWLVXSSHUUHVSLUDWRU\LQIHFWLRQVDQGSQHXPRQLDVDQG
ZDVGLDJQRVHGZLWKK\SRJDPPDJOREXOLQHPLDZLWKORZVHUXPOHYHOVRIDOOLPPXQRJOREXOLQV
,J*,J0DQG,J$6KHUHFHLYHVLQWUDYHQRXVLPPXQRJOREXOLQUHSODFHPHQW6KHDOVRKDG
IUHTXHQWKHUSHVVWRPDWLWLVZKLFKOHGWRDGLDJQRVLVRIGHSUHVVHGQDWXUDONLOOHUFHOOWR[LFLW\RQ
IXQFWLRQDOWHVWLQJ 
'XULQJHYDOXDWLRQIRUSRRUJURZWKDW\HDUVROGWKHVXEMHFWZDVIRXQGWRKDYHJURZWK
KRUPRQHGHILFLHQF\ZLWKDSHDNJURZWKKRUPRQHOHYHORIQJP/WRLQVXOLQLQGXFHG
K\SRJO\FHPLDDQGJOXFDJRQVWLPXODWLRQ&RQFXUUHQWO\KHUSHDNFRUWLVROOHYHOZDVQJP/
OHDGLQJWRDGLDJQRVLVRIFHQWUDODGUHQDOLQVXIILFLHQF\$EUDLQ05,VKRZHGDORZYROXPH
SLWXLWDU\*URZWKKRUPRQHWKHUDS\ZDVJLYHQIRUIRXU\HDUVZLWKOLWWOHRYHUDOOLPSURYHPHQWLQ
KHUJURZWKYHORFLW\6KHUHDFKHGDILQDODGXOWKHLJKWRIFP6'6 
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$W\HDUVDQGLPPHGLDWHO\IROORZLQJWKHLQLWLDWLRQRIJURZWKKRUPRQHWUHDWPHQWWKHSDWLHQW
GHYHORSHGGLDEHWHVPHOOLWXV6KHZDVIRXQGWRKDYHDQRUPDOOHYHORILQVXOLQDQWLERGLHVDW
Q8P/QOQ8P/QHJDWLYHLQVXOLQRPDDQWLJHQ,$DQWLERGLHVEXWDERUGHUOLQH
SRVLWLYHJOXWDPLFDFLGGHFDUER[\ODVHDQWLERG\*$'DWXQLWVQO6KHZDVVWDUWHG
RQLQVXOLQWKHUDS\ZKLFKKDVEHHQFRQWLQXHGWRGDWH7KHH[DFWHWLRORJ\RIKHUGLDEHWHVLV
XQNQRZQ 
$W\HDUVVKHKDGQREUHDVWGHYHORSPHQWRURQVHWRIPHQVHVDQGWHVWLQJUHYHDOHGKLJK
OXWHLQL]LQJKRUPRQHDQGIROOLFOHVWLPXODWLQJKRUPRQHOHYHOVRI,8/DQG,8/
UHVSHFWLYHO\(VWUDGLROZDVORZDWSJP/FRQVLVWHQWZLWKSUHPDWXUHRYDULDQLQVXIILFLHQF\
OHDGLQJWRK\SHUJRQDGRWURSKLFK\SRJRQDGLVP6KHZDVVWDUWHGRQHVWURJHQUHSODFHPHQWWKHUDS\
UHVXOWLQJLQSXEHUWDOGHYHORSPHQW 
$W\HDUVVKHZDVQRWHGWRKDYHDVWLJPDWLVPEXWZLWKH[FHOOHQWFRUUHFWHGYLVLRQ$W\HDUV
WKHSDWLHQWEHJDQWRVKRZVLJQVRIUHWLQDOGHJHQHUDWLRQZLWKDWWHQXDWHGUHWLQDOYHVVHOV
ELODWHUDOO\DQGDQLQFUHDVHGFXSWRGLVFUDWLR$W\HDUVVKHKDGLQFRQVLVWHQWFRPSODLQWVRI
YLVXDOFRQVWULFWLRQDQGSRRUQLJKWYLVLRQ6KHKDVVRPHV\PSWRPVFRQVLVWHQWZLWKUHWLQLWLV
SLJPHQWRVD53LQFOXGLQJILQGLQJVRIULQJVFRWRPDDQGDWWHQXDWHGYHVVHOVELODWHUDOO\URGDQG
FRQHGHJHQHUDWLRQDQGDERQHVSLFXOHLQWKHULJKWH\HRQO\+RZHYHUVRPHLPSRUWDQWIHDWXUHV
RI53VXFKDVSDOORURIWKHRSWLFQHUYHDQGSHULSKHUDOSLJPHQWFKDQJHVDUHDEVHQWDQGQR
GHILQLWLYHGLDJQRVLVKDVEHHQPDGH7KHUHDUHQRVLJQVRIGLDEHWLFUHWLQRSDWK\ 
7KHSDWLHQWLVRYHUZHLJKWDVDQDGXOWZLWKD%0,RINJP$W\HDUVVKHSUHVHQWHGZLWK
K\SHUFKROHVWHUROHPLDZLWKDWRWDOIDVWLQJFKROHVWHURORIPJG/DQG/'/RIPJG/+HU
FKROHVWHUROOHYHOVKDYHUHPDLQHGLQWKHERUGHUOLQHUDQJHDVDQDGXOW$W\HDUVVKHSUHVHQWHG
ZLWKPLFURDOEXPLQXULDZLWKXULQHSURWHLQOHYHOVUDQJLQJIURP±PJJFUHDWLQLQHQO
PJJQRZPDQDJHGZLWKOLVLQRSULO 
.DU\RW\SHZDVQRUPDOIHPDOH;;7KHUHZDVQR'L*HRUJH9&)6GHOHWLRQGHWHFWHGE\
),6+)DPLO\KLVWRU\LVQRWDEOHIRUW\SHGLDEHWHVDQGK\SHUFKROHVWHUROHPLDLQKHUPRWKHUEXW
LVRWKHUZLVHXQUHPDUNDEOH 
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)LJXUH&HUYLFDODEQRUPDOLWLHV5DGLRJUDSKLFLPDJHRIWKHFHUYLFDOVSLQHVKRZLQJIXVLRQRI&DQG&
VKRUWHQLQJRIWKHYHUWHEUDOERGLHVRI&DQG&DQGSDUWLDOIXVLRQRI&DQG&7KHSDWLHQWFDUULHVDGLDJQRVLV
RI.OLSSHO)HLOV\QGURPH 
 
)LJXUH8SSHUDQGORZHUGLJLWV8SSHUSDQHOVKRZVLPDJHVRIWKHGRUVDODQGSDOPDUVXUIDFHVDVZHOODVD
UDGLRJUDSKLFLPDJHRIWKHOHIWKDQG/HIWKDQGLVQRWDEOHIRUEUDFK\GDFW\O\DQGFOLQRGDFW\O\DVZHOODVVRPHVRIW
WLVVXHV\QGDFW\O\RIWKHQGWRWKGLJLWV/RZHUSDQHOVKRZVOHIWGRUVDOIRRWDQGUDGLRJUDSKLFLPDJHVRIERWKIHHW
7KHSDWLHQWKDVSHVSODQXVZLGHO\VSDFHGVWDQGQGWRHVDQGPLOGV\QGDFW\O\RIWKHQGDQGUGWRHV 
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0DWHULDOVDQG0HWKRGV 
7KLVVWXG\ZDVDSSURYHGE\WKHLQVWLWXWLRQDOUHYLHZERDUGDW%RVWRQ&KLOGUHQ¶V+RVSLWDO
:ULWWHQLQIRUPHGFRQVHQWZDVREWDLQHGIURPWKHVXEMHFWDQGIDPLO\PHPEHUV 
7KH'1$VDPSOHZDVDQDO\]HGXVLQJ$JLOHQW6XUH3ULQW*FXVWRPFRPSDUDWLYHJHQRPLF
K\EULGL]DWLRQDQG613[.PLFURDUUD\$JLOHQW7HFKQRORJLHV6DQWD&ODUD&DOLIRUQLD
IROORZLQJWKHPDQXIDFWXUHU¶VLQVWUXFWLRQV7KLVPLFURDUUD\SODWIRUPFRQWDLQV
ROLJRQXFOHRWLGHSUREHVIRUWKHGHWHFWLRQRIFRS\QXPEHUYDULDQWV&19VDQGSUREHVIRU
WKHGHWHFWLRQRIVLQJOHQXFOHRWLGHSRO\PRUSKLVPV613V&19SUREHVZHUHGHQVHO\SRSXODWHG
LQJHQHVRILQWHUHVWGHWHFWLRQVHQVLWLYLW\LVOHVVWKDQ.E)RUWKHUHPDLQLQJUHJLRQVRIWKH
JHQRPH&19SUREHFRYHUDJHSURYLGHGGHWHFWLRQVHQVLWLYLW\RIDERXW.E613SUREHVZHUH
HYHQO\GLVWULEXWHGDFURVVWKHZKROHJHQRPHWKHGHWHFWLRQVHQVLWLYLW\IRUORVVRIKHWHUR]\JRVLW\
LVOHVVWKDQ0E 
:KROHH[RPHVHTXHQFLQJRIWKHSUREDQGZDVSHUIRUPHGDWWKH%URDG,QVWLWXWH+\EULG
VHOHFWLRQZDVSHUIRUPHGXVLQJ$JLOHQW¶V6XUH6HOHFW+XPDQ$OO([RQ.LWY$JLOHQW
7HFKRQRORJLHV6DQWD&ODUD&$7KHVDPSOHZDVVHTXHQFHGXVLQJWKH,OOXPLQD+L6HT
SODWIRUP,OOXPLQD,QF6DQ'LHJR&$:HDOLJQHGWKHUHVXOWLQJUHDGVWRWKHKJUHIHUHQFH
JHQRPHZLWK%:$DSSOLHG*$7.EDVHTXDOLW\VFRUHUHFDOLEUDWLRQLQGHOLQVHUWLRQ
GHOHWLRQUHDOLJQPHQWDQGSHUIRUPHG613VLQJOHQXFOHRWLGHSRO\PRUSKLVPDQGLQGHO
GLVFRYHU\DQGJHQRW\SLQJXVLQJYDULDQWTXDOLW\VFRUHUHFDOLEUDWLRQ([RPHVHTXHQFLQJ
\LHOGHGDWRWDORIUHDGVZLWKSDVVLQJTXDOLW\ILOWHUV0HDQWDUJHWFRYHUDJHZDV
UHDGVZLWKRIWDUJHWKDYLQJ;FRYHUDJHKDYLQJ;FRYHUDJHDQGKDYLQJ
;FRYHUDJH9DULDQWVZHUHDQQRWDWHGIRUIXQFWLRQDOHIIHFWXVLQJ6QS(II
KWWSVQSHIIVRXUFHIRUJHQHW$OOHOHIUHTXHQF\GDWDZDVREWDLQHGIURPWKH*HQRPHV
SURMHFW)HEUXDU\UHOHDVHDQGWKH1+/%,H[RPHYDULDQWVHUYHU 
&RQILUPDWLRQRIUDUHYDULDQWVZDVSHUIRUPHGXVLQJLQGLYLGXDO613JHQRW\SLQJRUWUDGLWLRQDO
6DQJHUVHTXHQFLQJLQFDVHVRIJHQRW\SLQJIDLOXUH,QGLYLGXDO613JHQRW\SLQJZDVSHUIRUPHGDW
%RVWRQ&KLOGUHQ¶V+RVSLWDOXVLQJ6HTXHQRPL3/(;JHQRW\SLQJ6HTXHQRP,QF6DQ'LHJR
20 
 
&$86$$OOFDQGLGDWHYDULDQWVZHUHJHQRW\SHGLQWKHSUREDQGKHUSDUHQWVDQGVLVWHUDVZHOO
DV+DS0DSFRQWUROVDPSOHV$OOSDVVLQJ613VKDGJHQRW\SHVXFFHVVUDWHVRI! 
5HVXOWV 
&19PLFURDUUD\ZLWK613SUREHVGLGQRWUHYHDODQ\UDUHFRS\QXPEHUYDULDQWV+RZHYHU
UHVXOWVVXJJHVWHGWKDWWKLVSDWLHQWKDGXQLSDUHQWDOGLVRP\RIFKURPRVRPH83')LJXUH
'DWDIURPZKROHH[RPHVHTXHQFLQJIXUWKHUGHPRQVWUDWHVWKDWWKLVSDWLHQWKDVQHDU
FRPSOHWH83'RIWKLVFKURPRVRPH:HGHWHFWHGDWRWDORIYDULDQWVLQWKHSDWLHQW
V
H[RPH2IWKHVHRIYDULDQWVVKRZHGKRPR]\JRVLW\IRUWKHDOOHOHSUHVHQW+RZHYHURQ
FKURPRVRPHRIYDULDQWVVKRZHGKRPR]\JRVLW\IRUWKHDOOHOHSUHVHQWGHPRQVWUDWLQJ
WKHDELOLW\RIH[RPHVHTXHQFLQJWRLGHQWLI\UHJLRQVZLWKSRWHQWLDO83'
 
)LJXUH0LFURDUUD\UHVXOWVIRUFKURPRVRPH7KHXSSHUSDQHOGLVSOD\VWKH&19VFDWWHUSORWVKRZLQJWKDWQR
&19ZDVGHWHFWHGRQFKURPRVRPHEODFNGRWVLQGLFDWH&\&\UDWLREHWZHHQDQGEOXHGRWV
LQGLFDWH&\&\UDWLR!DQGUHGGRWVLQGLFDWH&\&\UDWLR7KHERWWRPSDQHOGLVSOD\VWKH]\JRVLW\
SORW,QWKH]\JRVLW\SORWWKHWRSDQGERWWRPWUDFNVLQGLFDWHKRPR]\JRXVVWDWXVZKLOHWKHPLGGOHWUDFNLQGLFDWHV
KHWHUR]\JRXVVWDWXV7KHSDXFLW\RIKHWHUR]\JRXV613DFURVVWKHZKROHFKURPRVRPHLQWKLVVDPSOHLQGLFDWHGWKH
ZKROHFKURPRVRPHORVVRIKHWHUR]\JRVLW\7KHDEVHQFHRIORVVRIKHWHUR]\JRVLW\LQWKHUHVWRIWKHJHQRPHDQGWKH
FRS\QHXWUDOVWDWXVRIWKHFKURPRVRPHLQGLFDWHWKH83'VWDWXVRIFKURPRVRPHLQWKLVVXEMHFW 
 
*LYHQWKH83'ZHK\SRWKHVL]HGWKDWWKHVXEMHFW¶VSKHQRW\SHLVPRVWOLNHO\GXHWRUDUH
KRPR]\JRXVIXQFWLRQDOYDULDQWVRQFKURPRVRPH:KROHH[RPHVHTXHQFLQJLGHQWLILHG
YDULDQWVLQFOXGLQJERWKVLQJOHQXFOHRWLGHYDULDQWVDQGLQGHOV2IWKHVHWRWDO
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YDULDQWVWKHUHZHUHSUHVHQWLQWKHKRPR]\JRXVVWDWH7DEOHVXPPDUL]HVWKH
EUHDNGRZQRIWRWDOYDULDQWVGHWHFWHGE\IXQFWLRQDOFODVVLILFDWLRQDQGDOOHOHFRXQWDVZHOODVD
VXPPDU\RIYDULDQWVORFDWHGRQFKURPRVRPHRQO\)RUDQDO\VLVRIFDQGLGDWHYDULDQWVDOO
YDULDQWVWKDWZHUHSUHVHQWDWDPLQRUDOOHOHIUHTXHQF\0$)JUHDWHUWKDQRUHTXDOWRLQWKH
*HQRPHVSURMHFWWKH1+/%,H[RPHYDULDQWVHUYHURULQ+DS0DSFRQWUROH[RPHV
ZHUHH[FOXGHGOHDYLQJUDUHKRPR]\JRXVYDULDQWV2IWKHVHWKHUHZHUHQRQV\QRQ\PRXV
YDULDQWVLQFDQGLGDWHJHQHVDOORIZKLFKDUHORFDWHGRQFKURPRVRPH7DEOH$OO
YDULDQWVZHUHYDOLGDWHGYLDFRQILUPDWRU\JHQRW\SLQJDQGZHUHLQKHULWHGIURPWKHSUREDQG¶V
PRWKHULQGLFDWLQJWKDWVKHKDVPDWHUQDO83'2QHRIWKHVHYDULDQWVLVDSUHGLFWHGVSOLFH
VLWHYDULDQWDQGWKHRWKHUVDUHPLVVHQVHYDULDQWV2QHUDUHPLVVHQVHYDULDQW0$) 
ZDVSUHVHQWLQDJHQHLPSOLFDWHGLQDXWRVRPDOUHFHVVLYHUHWLQLWLVSLJPHQWRVD)$0$ZKLFK
LVDFDQGLGDWHWRH[SODLQWKHSDWLHQW¶VUHWLQDOG\VWURSK\7KLVYDULDQWOHDGVWRD/5
VXEVWLWXWLRQLQWKHFRGHGSURWHLQZKLFK3RO\3KHQSUHGLFWVLVKLJKO\OLNHO\WREH
GDPDJLQJ$OWKRXJKWKHH[DFWIXQFWLRQRIWKLVSURWHLQUHPDLQVXQNQRZQWUXQFDWLQJPXWDWLRQV
LQ)$0$DUHDNQRZQDXWRVRPDOUHFHVVLYHFDXVHRIUHWLQLWLVSLJPHQWRVDD
KHWHURJHQHRXVGLVHDVHRIUHWLQDOGHJHQHUDWLRQFKDUDFWHUL]HGE\UHWLQDOSLJPHQWGHSRVLWVURG
DQGFRQHGHJHQHUDWLRQDQGORVVRIYLVLRQ 
$QDGGLWLRQDOWZRKRPR]\JRXVYDULDQWVDUHORFDWHGLQJHQHVUHODWHGWRNLGQH\VWUXFWXUHDQG
IXQFWLRQSRVVLEO\FRQWULEXWLQJWRWKHSDWLHQW¶VKLVWRU\RIPLFURDEXPLQXULDDQGG\VSODVWLF
NLGQH\:HLGHQWLILHGDUDUHPLVVHQVHYDULDQW0$) LQ1$7WKDWOHDGVWRD:6
VXEVWLWXWLRQZKLFKLVSUHGLFWHGE\3RO\3KHQWROLNHO\EHGHOHWHULRXV7KHVXEMHFWDOVRKDVD
UDUHVSOLFHGRQRUVLWHYDULDQW0$) EHWZHHQH[RQVDQGLQ3/$5LQDVLWH
WKDWLVKLJKO\HYROXWLRQDULO\FRQVHUYHG 
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7DEOH6XPPDU\RIYDULDQWVGHWHFWHGWKURXJKH[RPHVHTXHQFLQJ 
$OO9DULDQWV 
 :KROH([RPH &KURPRVRPH 
7RWDO9DULDQWV   
+RPR]\JRXV   
1RQV\QRQ\PRXV613   
6SOLFH6LWH   
)UDPHVKLIW   
,Q)UDPH&RGLQJ,QGHO   
6WDUW*DLQHG   
6WDUW/RVW   
1RQVHQVH   
5XQWKURXJK   
6\QRQ\PRXV613   
,QWURQ   
2WKHU1RQ&RGLQJ   
 
0$)QRWIRXQGLQ+DS0DSFRQWUROV 
 :KROH([RPH &KURPRVRPH 
$OO)XQFWLRQDO&ODVVHV   
 +RPR]\JRXV +HWHUR]\JRXV +RPR]\JRXV  
7RWDO9DULDQWV     
1RQV\QRQ\PRXV613     
6SOLFH6LWH     
)UDPHVKLIW     
,Q)UDPH&RGLQJ,QGHO     
6WDUW*DLQHG     
6WDUW/RVW     
1RQVHQVH     
5XQWKURXJK     
6\QRQ\PRXV613     
,QWURQ   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7DEOH5DUHKRPR]\JRXVYDULDQWV9DULDQWORFDWLRQLVUHSRUWHGXVLQJKJFRRUGLQDWHV0LQRUDOOHOHIUHTXHQF\GDWDLVEDVHGRQWKHRYHUDOOIUHTXHQF\LQWKH
*HQRPHV)HEUXDU\UHOHDVH,QIRUPDWLRQRQJHQHIXQFWLRQZDVVXPPDUL]HGIURPLQIRUPDWLRQDYDLODEOHLQWKH8QLSURWDQG2QOLQH0HQGHOLDQ,QKHULWDQFHLQ0DQ
20,0GDWDEDVHV20,0ZDVDOVRXVHGWRLGHQWLI\DQ\NQRZQGLVHDVHDVVRFLDWLRQVDQGPRXVHNQRFNRXWSKHQRW\SHVZHUHFROOHFWHGIURPWKH0RXVH*HQRPH,QIRUPDWLFV
0*,GDWDEDVH)RUPLVVHQVHYDULDQWVWKHYDOLGDWHG3RO\3KHQSUHGLFWLRQWRROZDVXVHGWRSUHGLFWWKHHIIHFWRIHDFKDPLQRDFLGVXEVWLWXWLRQZLWKEHLQJOHDVWDQG
EHLQJPRVWOLNHO\WRGLVUXSWVWUXFWXUHRUIXQFWLRQRIWKHILQDOSURWHLQ 
*HQH 3RVLWLRQKJ 5HI $OW )UHTXHQF\

*HQRPHV 
0LVVHQVH 3RO\3KHQ
3UHGLFWLRQ 
$VVRFLDWHG'LVHDVH
20,0 
0RXVH.QRFNRXW
3KHQRW\SH0*, 
)XQFWLRQ8QLSURW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 7 & 1$ 45      8QNQRZQ
VHULQHWKUHRQLQHSURWHLQ
NLQDVH 
'$56  & 7  *(      $PLQRDF\OW51$
V\QWKHWDVH 
1(%  * $ 1$ 5&  1HPDOLQHP\RSDWK\
W\SH 
6WXQWHGJURZWK
PXVFOHZHDNQHVV
SRVWQDWDOGHDWK 
/DUJHSURWHLQFRPSRQHQW
RIWKHVDUFRPHUH 
$5/,3  & 7  /)      8QNQRZQLQWHUDFWVZLWK
$5/ 
24 
 
*HQH 3RVLWLRQKJ 5HI $OW )UHTXHQF\

*HQRPHV 
0LVVHQVH 3RO\3KHQ
3UHGLFWLRQ 
$VVRFLDWHG'LVHDVH
20,0 
0RXVH.QRFNRXW
3KHQRW\SH0*, 
)XQFWLRQ8QLSURW 
3/$5  & 7  VSOLFHVLWH 1$   9LDEOHDQGIHUWLOH
ZLWKQRRYHUW
DEQRUPDOLWLHV 
5HFHSWRUIRU
SKRVSKROLSDVH$SOD\VD
UROHLQ0$3.LQGXFHG
FHOOSUROLIHUDWLRQ 
771  * $ 1$ 5&  &DUGLRP\RSDWK\
PXVFXODUG\VWURSK\ 
&DUGLDFDQG
VNHOHWDOGHIHFWV
JURZWK
UHWDUGDWLRQ
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SUHQDWDOGHDWK 
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RIWKHVDUFRPHUH 
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V\QGURPHW\SH 
5HGXFHGDQG
DEQRUPDOERQH
JURZWKIUDJLOH
VNLQSHULQDWDO
OHWKDOLW\ 
&ROODJHQ9FRPSRQHQW 
6'35 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 &:      3KRVSKROLSLGELQGLQJ
SURWHLQ3.&VXEVWUDWH 
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4      8QNQRZQSRVVLEOH]LQF
LQIOX[WUDQVSRUWHU 
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360'  * $  5.      5HJXODWRU\VXEXQLWRIWKH
SURWHRVRPH 
 
  
25 
 
7DEOH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*HQH 3RVLWLRQ
KJ 
5HI $O
W 
)UHTXHQF\

*HQRPHV 
0LVVHQVH 3RO\3KHQ
3UHGLFWLRQ 
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$VVRFLDWHG
'LVHDVH
20,0 
0RXVH
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3KHQRW\SH
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$OWKRXJKWKHSUHVHQFHRI83'LVWKHPRVWREYLRXVSRWHQWLDOFDXVHRIVRPHRUDOORIWKLV
SDWLHQW¶VFOLQLFDOSLFWXUHVRPHSDWLHQWVZLWK83'KDYHEHHQUHSRUWHGZLWKQRUPDOSKHQRW\SHV
VXJJHVWLQJWKDWVRPHRIWKHILQGLQJVLQWKLVSDWLHQWFRXOGEHDWWULEXWDEOHWRPXWDWLRQVRQRWKHU
FKURPRVRPHV$OWKRXJKLWLVSRVVLEOHWKDWKHUSKHQRW\SHZDVFDXVHGE\DGHQRYRPXWDWLRQ
GHWHUPLQLQJWKLVZRXOGLQYROYHZKROHH[RPHVHTXHQFLQJRIERWKRIKHUSDUHQWVZKLFKZDV
EH\RQGWKHVFRSHRIWKHFXUUHQWVWXG\+RZHYHUZHGLGVHDUFKIRUSRWHQWLDOFRPSRXQG
KHWHUR]\JRXVYDULDQWVRQDOOFKURPRVRPHVWKHUHZHUHQRUDUHKRPR]\JRXVQRQV\QRQ\PRXV
YDULDQWVGHWHFWHGRXWVLGHRIFKURPRVRPH:HLGHQWLILHGJHQHVZLWKWZRRUPRUHUDUH
0$)QRQV\QRQ\PRXVKHWHUR]\JRXVYDULDQWV(LJKWRIWKHVHYDULDQWSDLUVDUHXQOLNHO\
WREHWUXHFRPSRXQGKHWHUR]\JRWHVDVWKHPLQRUDOOHOHIUHTXHQFLHVDUHQHDUO\LGHQWLFDO
VXJJHVWLQJWKDWWKHVHYDULDQWVDUHLQOLQNDJHGLVHTXLOLEULXPDQGPRVWOLNHO\SUHVHQWRQWKHVDPH
FKURPRVRPH:HSHUIRUPHGFRQILUPDWRU\JHQRW\SLQJDQGIDPLOLDOVHJUHJDWLRQRIWKHSRWHQWLDO
FRPSRXQGKHWHUR]\JRXVYDULDQWVLQWKHUHPDLQLQJJHQHV7KHSUREDQG¶VXQDIIHFWHGVLVWHU
ZDVDOVRDFDUULHURIERWKYDULDQWVLQRIWKHVHJHQHVUXOLQJWKHPRXWDVFDQGLGDWHV7KH
UHPDLQLQJJHQHVDUHVXPPDUL]HGLQ7DEOH2QHRIWKHVHFDQGLGDWHJHQHV13+3LV
NQRZQWRFDXVHDFLOLRSDWK\DFDWHJRU\RIGLVHDVHVWKDWVKDUHVRPHRYHUODSZLWKRXUVXEMHFW¶V
SKHQRW\SH 
'LVFXVVLRQ 
 :HUHSRUWDVXEMHFWZLWKDFRPSOH[SKHQRW\SHLQFOXGLQJVNHOHWDODQGUHQDOG\VSODVLD
LPPXQHGHILFLHQFLHVJURZWKIDLOXUHUHWLQDOGHJHQHUDWLRQDQGRYDULDQLQVXIILFLHQF\7RRXU
NQRZOHGJHWKLVFRQVWHOODWLRQRIIHDWXUHVKDVQRWEHHQSUHYLRXVO\GHVFULEHGLQWKHOLWHUDWXUH
&KURPRVRPDOPLFURDUUD\UHYHDOHG83'ZKLFKFRXOGOHDGWRKHUSKHQRW\SHWKURXJKWKUHH
SULPDU\PHFKDQLVPVLPSULQWLQJKRPR]\JRXVFRS\QXPEHUYDULDQWVRUXQPDVNLQJRIUDUH
SDWKRJHQLFVHTXHQFHYDULDQWV7KHUHDUHFDVHVRI83'UHSRUWHGLQWKHOLWHUDWXUH
,PSRUWDQWO\FDVHVRIERWKPDWHUQDODQGSDWHUQDO83'KDYHEHHQUHSRUWHGLQLQGLYLGXDOVZLWK
QRUPDOSKHQRW\SHVVXJJHVWLQJWKDWLPSULQWLQJLVDQXQOLNHO\PHFKDQLVPE\ZKLFK83'LV
FDXVLQJWKLVSDWLHQW¶VSKHQRW\SH$UUD\&*+GLGQRWUHYHDODQ\&19VRQFKURPRVRPH
H[FOXGLQJWKHSRWHQWLDOUROHRIVWUXFWXUDOYDULDWLRQWRWKHGHJUHHWKDWFDQEHGHWHFWHGE\WKH
DUUD\!.ELQH[SODLQLQJWKHSDWLHQW¶VSKHQRW\SH)LQDOO\83'FDQOHDGWRKRPR]\JRVLW\
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RIUDUHUHFHVVLYHPXWDWLRQVRQWKHLQYROYHGFKURPRVRPH0DQ\FDVHVRI83'UHVXOWLQJLQ
WKHXQPDVNLQJRIUDUHUHFHVVLYHPXWDWLRQVDUHUHSRUWHGLQWKHOLWHUDWXUHLQFOXGLQJFDVHVRI
&ULJOHU1DMMDUV\QGURPH'RQQDL%DUURZV\QGURPHVHYHUHFRQJHQLWDOK\SRWK\URLGLVP
+DUOHTXLQLFKWK\RVLVLQIDQWLOHRQVHWDVFHQGLQJVSDVWLFSDUDO\VLVORQJFKDLQK\GUR[\DF\O
&R$GHK\GURJHQDVHGHILFLHQF\DQGPLWRFKRQGULDO'1$GHSOHWLRQV\QGURPH1RQHRI
WKHVHVXEMHFWVUHVHPEOHWKHSKHQRW\SHIRXQGLQRXUSUREDQGRUDQ\RILWVIHDWXUHVZLWKWKH
H[FHSWLRQRIRQHLQGLYLGXDOZLWKUHWLQDOG\VWURSK\EHOLHYHGWREHFDXVHGE\DUHFHVVLYH
PXWDWLRQLQ0(57.2XUVXEMHFWGLGQRWKDYHDUDUHYDULDQWLQWKLVJHQHRUDQ\JHQHV
LGHQWLILHGDVFDQGLGDWHJHQHVLQSULRUVWXGLHVRI83':HWKHUHIRUHVHDUFKHGIRUUDUHUHFHVVLYH
PXWDWLRQVLQRWKHUJHQHVRQFKURPRVRPH 
 ([RPHVHTXHQFLQJKLJKOLJKWHGUDUHQRQV\QRQ\PRXVKRPR]\JRXVYDULDQWVLQ
JHQHVDOORIZKLFKZHUHRQFKURPRVRPH7DEOH6HYHUDOFDQGLGDWHJHQHVVWRRGRXWLQ
RXUDQDO\VLVDVSRWHQWLDOO\FDXVDO2XUVXEMHFWKDVUHWLQDOGHJHQHUDWLRQZLWKVRPHIHDWXUHVRI
UHWLQLWLVSLJPHQWRVDDOWKRXJKGRHVQRWKDYHDGHILQLWLYHGLDJQRVLVDQGRQHSRWHQWLDO
H[SODQDWLRQIRUWKLVSKHQRW\SHLVWKHYDULDQWIRXQGLQ)$0$)RXURIWKHILYHNQRZQ
SDWKRJHQLFPXWDWLRQVLQWKLVJHQHDUHIRXQGLQH[RQDVLVWKHPXWDWLRQLQRXUSDWLHQW
7KHUHIRUHLWLVSRVVLEOHWKDWWKLVYDULDQWH[SODLQVWKLVRQHDVSHFWRIKHUSKHQRW\SH+RZHYHUDOO
RIWKHNQRZQPXWDWLRQVDUHWUXQFDWLQJRUIUDPHVKLIWPXWDWLRQVDQGLWLVXQFOHDUWKDWRXU
SDWLHQW¶VPLVVHQVHYDULDQWLVWUXO\SDWKRJHQLFDVRSSRVHGWRDQLQFLGHQWDOILQGLQJRIRXUH[RPH
VHTXHQFLQJDSSURDFK 
$GGLWLRQDOO\UDUHYDULDQWVZHUHLGHQWLILHGLQWZRJHQHVZLWKSRWHQWLDOIXQFWLRQDOHIIHFWVLQ
WKHNLGQH\1$7DQG3/$5ZKLFKFRXOGH[SODLQRXUSDWLHQW¶VXQLODWHUDOG\VSODVWLFNLGQH\
DVZHOODVHDUO\RQVHWPLFURDOEXPLQXULD1$7HQFRGHVDSUREDEOH1DFHW\OWUDQVIHUDVHKLJKO\
H[SUHVVHGLQWKHNLGQH\DQGOLYHU,WLVK\SRWKHVL]HGWRSOD\DUROHLQWKHGHYHORSPHQWDQG
PDLQWHQDQFHRIWKHVWUXFWXUHDQGIXQFWLRQRIWKHVHWLVVXHVEXWLWVELRORJLFDOUROHLVQRWIXOO\
XQGHUVWRRG3/$5HQFRGHVIRUDUHFHSWRURISKRVSKROLSDVH$ZLWKKLJKOHYHOVRI
H[SUHVVLRQLQWKHNLGQH\%LQGLQJRIWKHOLJDQGOHDGVWRDFWLYDWLRQRI0$3.VLJQDOLQJDQG
LQGXFHVFHOOSUROLIHUDWLRQ+RZHYHULWLVXQFOHDUE\ZKDWPHFKDQLVPDGHIHFWLQ3/$5
FRXOGFDXVHWKHSKHQRW\SHREVHUYHGLQWKLVSDWLHQWDQGPRXVHNQRFNRXWVIRU3/$5VKRZQR
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RYHUWDEQRUPDOLWLHV$JDLQWKHVHYDULDQWVFRXOGEHSDWKRJHQLFEXWFRXOGDOVREH
LQFLGHQWDOILQGLQJV 
)LQDOO\WKHVXEMHFWKDVVRPHIHDWXUHVFRQVLVWHQWZLWKDFLOLRSDWK\DGLVHDVHFDWHJRU\
ZKLFKLVDVVRFLDWHGZLWKGHIHFWVLQSURWHLQVWKDWSOD\DUROHLQWKHVWUXFWXUHDQGIXQFWLRQRIFLOLD
&LOLDU\G\VIXQFWLRQFDQOHDGWRDQXPEHURIFOLQLFDOV\QGURPHVZLWKRYHUODSSLQJIHDWXUHV
LQFOXGLQJ0HFNHO*UXEHUV\QGURPH%DUGHW%LHGOV\QGURPH-RXEHUWV\QGURPH
QHSKURQRSKWKLVLV6HQLRU/RNHQV\QGURPHDQG-HXQHDVSK\[LDWLQJWKRUDFLFG\VWURSK\,Q
SDUWLFXODUWKHSKHQRW\SHRIRXUSDWLHQWUHVHPEOHV%DUGHW%LHGOV\QGURPH%%6ZKLFKKDV
FKDUDFWHULVWLFIHDWXUHVRIURGDQGFRQHG\VWURSK\SRVWD[LDOSRO\GDFW\O\UHQDODQRPDOLHV
REHVLW\ZLWKFRPSOLFDWLRQVRIW\SH,,GLDEHWHVK\SHUWHQVLRQDQGK\SHUFKROHVWHUROHPLD
OHDUQLQJGLVDELOLWLHVDQGK\SRJRQDGLVP:KLOHFHUWDLQDVSHFWVRIKHUSKHQRW\SHDUHQRW
HQFRPSDVVHGE\%%6VXFKDVKHUK\SRJDPPDJOREXOLQHPLDDQGJURZWKKRUPRQHGHILFLHQF\LW
VHHPVSODXVLEOHWKDWVXFKDGLDJQRVLVFRXOGDWOHDVWSDUWLDOO\H[SODLQWKHDEQRUPDOLWLHVZH
REVHUYHG 
:HIRXQGUDUHPXWDWLRQV7DEOHLQRQHFLOLDU\JHQH13+3ZKLFKLVLPSOLFDWHGLQ
WZRFLOLRSDWKLHV6HQLRU/RNHQV\QGURPHDQGQHSKURQRSKWKLVLV3KDVLQJLQGLFDWHVWKDWRQH
RIWKHVHWKUHHYDULDQWVZDVLQKHULWHGSDWHUQDOO\DQGKHUVLVWHULVQRWDFDUULHU7KHPRWKHUDQG
VLVWHUDUHERWKFDUULHUVRIWKHRWKHUWZRYDULDQWV7KXVLWLVSODXVLEOHWKDWDFRPELQDWLRQRIWZR
RIWKHVHYDULDQWVFRQWULEXWHGWRWKHSKHQRW\SHREVHUYHGLQWKHSDWLHQW$GGLWLRQDOO\WKHSDWLHQW
KDVDUDUHPLVVHQVHYDULDQWLQWKHKHWHUR]\JRXVVWDWHLQ0.6DJHQHLPSOLFDWHGDVFDXVDOLQ
0HFNHO*UXEHUV\QGURPHDVZHOODVLQDSSUR[LPDWHO\RISDWLHQWVZLWK%%67KLV
JHQHLVORFDWHGRQFKURPRVRPHDQGHQFRGHVDSURWHLQLQYROYHGLQPLJUDWLRQRIWKH
FHQWURVRPHWRWKHDSLFDOFHOOVXUIDFHGXULQJFLOLRJHQHVLVWKDWKDVEHHQVKRZQWRSOD\DQ
LPSRUWDQWUROHLQUHJXODWLQJWKHOHQJWKDQGQXPEHURIFLOLDU\VWUXFWXUHV)LQDOO\ZH
IRXQGWKDWWKHVXEMHFWKDVDUDUHKRPR]\JRXVPXWDWLRQLQ$5/,37DEOHDJHQHRQ
FKURPRVRPHZKLFKHQFRGHVDPHPEUDQHSURWHLQZLWKQRNQRZQIXQFWLRQ+RZHYHUWKLV
SURWHLQZDVLGHQWLILHGEHFDXVHRILWVLQWHUDFWLRQZLWK$5/DFDXVDWLYHJHQHLQ%%6
&LOLRSDWKLHVOLNH%%6KDYHEHHQSURSRVHGWREHROLJRJHQLFZLWKHYLGHQFHIRUPRGLI\LQJDOOHOHV
FRQWULEXWLQJWRSHQHWUDQFHDQGYDULDELOLW\LQFOLQLFDORXWFRPH7KXVLWFRXOGEHWKH
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FDVHWKDWWKLVPXWDWLRQLQ$5/,3LQFRPELQDWLRQZLWKWKHPXWDWLRQVLQ13+3DQGRU0.6
LVFRQWULEXWLQJWRD%%6OLNHSKHQRW\SH 
$UUD\&*+DQGZKROHH[RPHVHTXHQFLQJDUHSRZHUIXOUHVHDUFKWRROVZKLFKDUH
UHYROXWLRQL]LQJUHVHDUFKHUV¶DELOLW\WRLGHQWLI\FDQGLGDWHJHQHVLQGLVHDVHSKHQRW\SHV7KHVH
WRROVDUHLQFUHDVLQJO\EHLQJXWLOL]HGLQWKHFOLQLFDOVHWWLQJOHDGLQJWRGLIILFXOW\LQWKHFOLQLFDO
LQWHUSUHWDWLRQRIFRPSOH[UHVXOWV:HSUHVHQWDSULVPDWLFFDVHLQZKLFKDUUD\&*+DQGZKROH
H[RPHVHTXHQFLQJZHUHFRPELQHGWRVHDUFKIRUFDXVDOJHQHVLQDFRPSOH[SDWLHQWIRXQGWR
KDYH83'7KHPDQ\YDULDQWVRIXQNQRZQVLJQLILFDQFHLQWKLVFDVHKLJKOLJKWWKHGLIILFXOW\
WKDWFOLQLFLDQVZLOOH[SHULHQFHDVJHQHWLFWHFKQRORJLHVJDLQPRUHZLGHVSUHDGXVHLQHYHU\GD\
SUDFWLFH7KHODUJHQXPEHURIFDQGLGDWHJHQHVLGHQWLILHGLQWKLVVWXG\LVLQSDUWGXHWRWKHORVV
RIKHWHUR]\JRVLW\DVDFRQVHTXHQFHRILVRGLVRP\+RZHYHULQDGGLWLRQWRWKHUDUH
KRPR]\JRXVYDULDQWVRQFKURPRVRPHZHDOVRLGHQWLILHGVLPLODUO\UDUHSRWHQWLDO
FRPSRXQGKHWHUR]\JRXVPXWDWLRQVWKDWFRXOGOHDGWRFOLQLFDOHIIHFWVLQGHSHQGHQWIURPWKH
SDWLHQW¶V83' 
,QFRQWUDVWWRSULRUVWXGLHVRI83'ZHZHUHQRWDEOHWRLGHQWLI\DVLQJOHFDQGLGDWHJHQH
WKDWFRXOGH[SODLQWKHVXEMHFW¶VFRPSOHWHFRPSOH[SKHQRW\SLFSLFWXUH:HKLJKOLJKWDQXPEHU
RISRWHQWLDOO\FDXVDOJHQHVLQFOXGLQJ)$0$DNQRZQFDXVHRIUHWLQLWLVSLJPHQWRVDZKLFK
FRXOGH[SODLQWKLVSDWLHQW¶VUHWLQDOGHJHQHUDWLRQ$GGLWLRQDOO\1$7DQG3/$5PD\SOD\D
UROHLQKHUUHQDOG\VSODVLDDQGPLFURDOEXPLQXULD)LQDOO\PDQ\RIKHUIHDWXUHVDUHFRQVLVWHQW
ZLWKDFLOLRSDWK\VXFKDV%%6DQGVKHKDVDQXPEHURIUDUHQRQV\QRQ\PRXVYDULDQWVLQ%%6
UHODWHGJHQHV+RZHYHUZHDOVRIRXQGUDUHPXWDWLRQVLQPDQ\JHQHVWKDWDUHXQOLNHO\WREH
LQYROYHGLQKHUSKHQRW\SHVXFKDV771ZKLFKHQFRGHVIRUDODUJHFRPSRQHQWRIWKH
VDUFRPHUHDQG25'DQROIDFWRU\UHFHSWRU:HDGGLWLRQDOO\IDLOHGWRORFDWHDOLNHO\FDXVHRI
FHUWDLQDVSHFWVRIKHUSKHQRW\SHVXFKDVKHULPPXQHGHILFLHQFLHVDQGKHUJURZWKKRUPRQH
GHILFLW,WLVSRVVLEOHWKDWWKHVHIHDWXUHVRIKHUSKHQRW\SHDUHFDXVHGE\RQHRIWKHYDULDQWVZH
GHWHFWHGZKHUHWKHFDXVDOELRORJ\LVQRW\HWREYLRXV$OWHUQDWLYHO\WKHVHIHDWXUHVFRXOGEHGXH
WRGLIIHUHQFHVWKDWDUHQRWGHWHFWHGE\ZKROHH[RPHVHTXHQFLQJVXFKDVYDULDQWVLQQRQFRGLQJ
UHJXODWRU\UHJLRQVRUHSLJHQHWLFFKDQJHV 
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7KHKLJKUDWHVRIUDUHYDULDQWLGHQWLILFDWLRQE\ZKROHH[RPHVHTXHQFLQJDQGPLFURDUUD\
DQDO\VLVZLOOPDNHLWGLIILFXOWWRGLVWLQJXLVKWKHFDXVDOYDULDQWVIURPEDFNJURXQGUDUHEXWQRQ
FDXVDOYDULDQWVIRUDQ\VLQJOHFDVH:HEHOLHYHWKDWLWLVLPSHUDWLYHWKDWUHVHDUFKHUVDQG
FOLQLFLDQVSXEOLVKVLPLODUO\FRPSOH[FDVHVZLWKGHWDLOHGSKHQRW\SLFDQGJHQRW\SLFGDWDHYHQ
ZKHQDFDXVDOJHQHKDVQRW\HWEHHQHVWDEOLVKHGWRSHUPLWWKHLGHQWLILFDWLRQRIFDXVDOJHQHV
WKDWDUHLPSOLFDWHGLQPXOWLSOHFDVHVZLWKSKHQRW\SLFRYHUODS6XFKUHSRUWVRIJHQRW\SH
SKHQRW\SHFRUUHODWLRQVZLOOHPSRZHUIXWXUHELRORJLFDOGLVFRYHULHVDVZHOODVDVVLVWFOLQLFDO
JHQHWLFLVWVDQGJHQHWLFFRXQVHORUVLQWKHLQWHUSUHWDWLRQRIH[RPHVHTXHQFLQJDQGDUUD\&*+
UHVXOWV 
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&+$37(5,,, 
 
/DUJH6FDOH3RROHG1H[W*HQHUDWLRQ6HTXHQFLQJRI*HQHVWR,GHQWLI\*HQHWLF
&DXVHVRI6KRUW6WDWXUH 
6RSKLH5:DQJ+HDWKHU&DUPLFKDHO6KD\QH)$QGUHZ7LPRWK\&0LOOHU-HQQLIHU
(0RRQ0LFKDHO$'HUU9LYLDQ+ZD-RHO1+LUVFKKRUQ$QGUHZ'DXEHU 
 
1. 'HSDUWPHQWRI*HQHWLFV+DUYDUG0HGLFDO6FKRRO%RVWRQ0DVVDFKXVHWWV 
2. 'LYLVLRQRI(QGRFULQRORJ\%RVWRQ&KLOGUHQ¶V+RVSLWDO%RVWRQ0DVVDFKXVHWWV 
3. 3URJUDPLQ0HGLFDODQG3RSXODWLRQ*HQHWLFV%URDG,QVWLWXWH&DPEULGJH0DVVDFKXVHWWV
 
4. +DUYDUG0HGLFDO6FKRRO%RVWRQ0DVVDFKXVHWWV 
5. 'HSDUWPHQWRI3HGLDWULFV2UHJRQ+HDOWKDQG6FLHQFH8QLYHUVLW\3RUWODQG2UHJRQ 
7KHVHDXWKRUVFRQWULEXWHGHTXDOO\ 
 
This is the accepted version of the following article: 
:DQJ65&DUPLFKDHO+$QGUHZ6)0LOOHU7&0RRQ-('HUU0$HWDO/DUJHVFDOHSRROHG
QH[WJHQHUDWLRQVHTXHQFLQJRIJHQHVWRLGHQWLI\JHQHWLFFDXVHVRIVKRUWVWDWXUH7KH
-RXUQDORIFOLQLFDOHQGRFULQRORJ\DQGPHWDEROLVP(GRLMF
3XE0HG30,'3XE0HG&HQWUDO30&,'30& 
7KLVKDVEHHQSXEOLVKHGLQILQDOIRUPDW 
KWWSZZZQFELQOPQLKJRYSPFDUWLFOHV30& 
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$EVWUDFW 
&RQWH[W7KHPDMRULW\RISDWLHQWVSUHVHQWLQJZLWKVKRUWVWDWXUHGRQRWUHFHLYHDGHILQLWLYH
GLDJQRVLV$GYDQFHVLQJHQHWLFVHTXHQFLQJDOORZIRUODUJHVFDOHVFUHHQLQJRIFDQGLGDWHJHQHV
SRWHQWLDOO\OHDGLQJWRJHQHWLFGLDJQRVHV 
2EMHFWLYHV7RGLVFRYHUJHQHWLFYDULDQWVWKDWFRQWULEXWHWRVKRUWVWDWXUHLQDFRKRUWRIFKLOGUHQ
ZLWKQRNQRZQJHQHWLFHWLRORJ\ 
'HVLJQ3URVSHFWLYHFRKRUWVWXG\RIVXEMHFWVZLWKVKRUWVWDWXUH 
6HWWLQJ3HGLDWULFHQGRFULQRORJ\DQGJHQHWLFVFOLQLFVDWDQDFDGHPLFFHQWHU 
3DWLHQWVFKLOGUHQZLWKVKRUWVWDWXUHZLWKQRGHILQHGJHQHWLFHWLRORJ\DVZHOODV
LQGLYLGXDOVRIQRUPDOVWDWXUHIURPWKH)UDPLQJKDP+HDUW6WXG\ 
,QWHUYHQWLRQ3RROHGWDUJHWHGVHTXHQFLQJXVLQJQH[WJHQHUDWLRQ'1$VHTXHQFLQJWHFKQRORJ\RI
WKHH[RQVRIFDQGLGDWHJHQHV 
0DLQ2XWFRPH0HDVXUHV1XPEHURIUDUHQRQV\QRQ\PRXVJHQHWLFYDULDQWVIRXQGLQFDVHVEXW
QRWFRQWUROVNQRZQSDWKRJHQLFYDULDQWVLQFDVHVDQGSRWHQWLDOO\SDWKRJHQLFYDULDQWVLQ,*)5 
5HVXOWV:HLGHQWLILHGJHQHWLFYDULDQWVLQJHQHVWKDWZHUHSUHVHQWLQFDVHVEXWQRWLQ
FRQWUROV2IWKRVHYDULDQWVZHUHQRYHOQRQV\QRQ\PRXV)DOVHSRVLWLYHUDWHVIURP
SRROHGVHTXHQFLQJZHUHDQGIDOVHQHJDWLYHUDWHZDVLQUHJLRQVFRYHUHGZHOOE\
VHTXHQFLQJ:HLGHQWLILHGWKUHHLQGLYLGXDOVZLWKNQRZQSDWKRJHQLFYDULDQWVLQ3731FDXVLQJ
XQGLDJQRVHG1RRQDQV\QGURPH7KHUHZHUHUDUHSRWHQWLDOO\QRQV\QRQ\PRXVYDULDQWVLQ
,*)5RQHRIZKLFKLVDQRYHOOLNHO\SDWKRJHQLFIUDPHVKLIWPXWDWLRQ$SUHYLRXVO\UHSRUWHG
SDWKRJHQLFYDULDQWLQ,*)5ZDVSUHVHQWLQDFRQWUROVXEMHFW 
&RQFOXVLRQV/DUJHVFDOHVHTXHQFLQJHIIRUWVKDYHWKHSRWHQWLDOWRUDSLGO\LGHQWLI\JHQHWLF
HWLRORJLHVRIVKRUWVWDWXUHEXWGDWDLQWHUSUHWDWLRQLVFRPSOH[1RRQDQ6\QGURPHPD\EHDQ
XQGHUGLDJQRVHGFDXVHRIVKRUWVWDWXUH
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,QWURGXFWLRQ 
*URZWKLVDIXQGDPHQWDOELRORJLFDOSURFHVVWKDWRFFXUVGXULQJFKLOGKRRG:LWKWKH
H[FHSWLRQRIGLDEHWHVVKRUWVWDWXUHLVRQHRIWKHPRVWFRPPRQUHDVRQVIRUUHIHUUDOWRDSHGLDWULF
HQGRFULQRORJLVW,QPRVWFDVHVVKRUWVWDWXUHLVIDPLOLDOFRQVLVWHQWZLWKDVWURQJJHQHWLF
LQIOXHQFHRQFKLOGKRRGDQGDGXOWKHLJKW,QVRPHFDVHVKRZHYHUFKLOGUHQKDYHVHYHUHVKRUW
VWDWXUHWKDWLVRXWRISURSRUWLRQWRWKHSDUHQWDOKHLJKWVRUKDYHVKRUWVWDWXUHDVVRFLDWHGZLWK
V\QGURPLFIHDWXUHV0ROHFXODUGHIHFWVDVVRFLDWHGZLWKWKHVHUDUHUFDVHVKDYHRYHUWKHODVW
GHFDGHH[SDQGHGWKHOLVWRIJHQHVDQGELRORJLFDOSDWKZD\VNQRZQWRLQIOXHQFHJURZWK
0XOWLSOHPXWDWLRQVIRUH[DPSOHKDYHEHHQIRXQGLQWKHJURZWKKRUPRQH*+SDWKZD\QRW
RQO\LQWKHJURZWKKRUPRQH*+JHQHLWVHOIEXWGRZQVWUHDPZLWKLQWKHJURZWKKRUPRQH
UHFHSWRU*+567$7%,*),*)$/6DQGWKH,*)5,*)UHFHSWRUJHQHV0DQ\
JHQHVXQGHUO\LQJVHYHUHVNHOHWDOG\VSODVLDVDVVRFLDWHGZLWKVKRUWVWDWXUHKDYHDOVREHHQ
LGHQWLILHG'HVSLWHWKHVHDGYDQFHVWKHPROHFXODUFDXVDOLW\IRUWKHYDVWPDMRULW\RI
SDWLHQWVLQFOXGLQJWKRVHZLWKVHYHUHRUV\QGURPLFVKRUWVWDWXUHUHPDLQXQUHVROYHG
&RQVHTXHQWO\PRVWDIIHFWHGSDWLHQWVFRQWLQXHWREHFODVVLILHGDVKDYLQJLGLRSDWKLFVKRUWVWDWXUH
,66 
*HQRPHZLGHDVVRFLDWLRQ*:$VWXGLHVKDYHHQDEOHGWKHLGHQWLILFDWLRQRIFRPPRQ
JHQHWLFYDULDQWVIUHTXHQFLHVDERYHLQIOXHQFLQJTXDQWLWDWLYHWUDLWVVXFKDVKHLJKW,QGHHG
UHFHQW*:$VWXGLHVLGHQWLILHGJHQHWLFORFLZLWKFRPPRQ'1$VHTXHQFHYDULDQWVWKDW
LQIOXHQFHKXPDQVWDWXUH,QWULJXLQJO\WKHVHFRPPRQYDULDQWVDUHRIWHQORFDWHGLQRUQHDU
JHQHVWKDWXQGHUOLHV\QGURPHVRIDEQRUPDOVNHOHWDOJURZWK7KLVRYHUODSVXJJHVWVWKDWUDUH
YDULDQWVLQRWKHUJHQHVKLJKOLJKWHGE\WKH*:$VWXGLHVFRXOGKDYHVLJQLILFDQWLPSDFWVRQ
JURZWK 
7RH[SORUHWKHUROHRIUDUHJHQHWLFYDULDQWVLQVKRUWVWDWXUHZHGHYHORSHGDQGDSSOLHG
ODUJHVFDOHFDQGLGDWHJHQHVHTXHQFLQJWHFKQRORJLHVLQDFRKRUWRIFKLOGUHQZLWKVKRUW
VWDWXUHRIXQNQRZQFDXVH7KHVHOHFWHGOLVWRIFDQGLGDWHVLVFRPSULVHGRIJHQHVIURP
LGHQWLILHG*:$ORFLJHQHVNQRZQWRFDXVHV\QGURPLFVKRUWVWDWXUHDQGJHQHVNQRZQWREH
LQYROYHGLQJURZWKSODWHELRORJ\RUJURZWKSODWHVLJQDOLQJ+HUHLQZHUHSRUWRXULQLWLDOVFUHHQ
DQGDVVHVVPHQWRISRROHGH[RQLFVHTXHQFLQJRQ'1$VDPSOHVIURPFKLOGUHQZLWKVKRUW
34 
 
VWDWXUHDQGFRQWUROVRIQRUPDOVWDWXUH:HLGHQWLILHGDODUJHQXPEHURIQRQV\QRQ\PRXV
YDULDQWVSUHVHQWLQFDVHVEXWQRWFRQWUROV7KHUHDUHDQXPEHURISRVVLEOHDQDO\WLFDODSSURDFKHV
WRH[SORUHWKLVGDWD)LUVWRQHFDQVHDUFKIRUYDULDQWVWKDWKDYHSUHYLRXVO\EHHQUHSRUWHGWREH
SDWKRJHQLF6HFRQGRQHFDQVHDUFKIRUQRYHOYDULDQWVZLWKLQJHQHVNQRZQWRFDXVHVKRUW
VWDWXUHDQGWKHQSHUIRUPIXUWKHUIDPLOLDOVHJUHJDWLRQDQGIXQFWLRQDOVWXGLHVWRYDOLGDWHWKRVH
YDULDQWV7KLUGRQHFDQVHDUFKIRUPXOWLSOHOLNHO\GHOHWHULRXVYDULDQWVLQQRYHOJHQHVQRW
SUHYLRXVO\NQRZQWRFDXVHVKRUWVWDWXUH,QWKHFXUUHQWPDQXVFULSWZHZLOOGLVFXVVWKHILUVW
DSSURDFKORRNLQJIRUNQRZQSDWKRJHQLFYDULDQWVDVZHOODVSURYLGHDPRUHGHWDLOHGDQDO\VLVRI
UDUHJHQHWLFYDULDQWVLGHQWLILHGLQ,*)5DVDQH[DPSOHRIWKHVHFRQGDSSURDFK
+DSORLQVXIILFLHQF\RI,*)5LVNQRZQWRFDXVHVLJQLILFDQWVKRUWVWDWXUHDQGRXUGDWD
GHPRQVWUDWHWKHXWLOLW\RIODUJHVFDOHVHTXHQFLQJDQGWKHFULWLFDOQHHGIRUFDUHIXOLQWHUSUHWDWLRQ
RIUHVXOWLQJGDWD)XWXUHZRUNZLOOH[SORUHWKHRWKHUDQDO\WLFDODSSURDFKHV 
0DWHULDOVDQG0HWKRGV 
+HLJKWFDQGLGDWHJHQHV 
,QWKLVVWXG\ZHVHTXHQFHGWKHH[RQVRIJHQHVa0EWRWDOWDUJHWVL]H2IWKHVH
JHQHVDWKLUG1 ZHUHNQRZQELRORJLFDOFDQGLGDWHVLQFOXGLQJJHQHVNQRZQWR
XQGHUOLHV\QGURPLFJURZWKGLVRUGHUVRUVNHOHWDOG\VSODVLDVDVZHOODVJHQHVLQYROYHGLQJURZWK
SODWHELRORJ\RUJURZWKKRUPRQHVLJQDOLQJ7KHUHPDLQLQJWZRWKLUGV1 LQFOXGHGJHQHV
ZLWKLQJHQRPLFORFLDVVRFLDWHGZLWKKHLJKWEDVHGRQJHQRPHZLGHDVVRFLDWLRQVWXGLHVJHQHV
EHORQJWRERWKFDWHJRULHV)RUWKHJHQHVZLWKLQWKH*:$ORFLZHVHWWKHJHQRPLF
ERXQGDULHVDWHDFKKHLJKWDVVRFLDWHGORFXVXVLQJOLQNDJHGLVHTXLOLEULXPFXWRIIV+DS0DS&(8
U!IRUWKHWRS613)RUORFLZLWKJHQHVZLWKLQWKHJHQRPLFERXQGDU\DOOJHQHVZHUH
LQFOXGHG/RFLZLWKPRUHWKDQJHQHVZHUHH[FOXGHG)RU613VZLWKJHQHVZLWKLQWKH
JHQRPLFERXQGDU\JHQHVEH\RQGWKHERXQGDU\EXWZLWKLQWKHQH[WUHFRPELQDWLRQKRWVSRWV
ZHUHLQFOXGHG 
35 
 
6XEMHFWV 
7KLVVWXG\ZDVDSSURYHGE\WKHLQVWLWXWLRQDOUHYLHZERDUGDW%RVWRQ&KLOGUHQ¶V+RVSLWDO
$OOVXEMHFWVRUWKHLUOHJDOJXDUGLDQVSURYLGHGZULWWHQLQIRUPHGFRQVHQW7KHSDWLHQWVZLWK
VKRUWVWDWXUH!6'6EHORZWKHPHDQIRUDJHDQGJHQGHUEXWZLWKRXWGHILQHGJHQHWLF
HWLRORJLHVZHUHUHFUXLWHGIURPWKH(QGRFULQRORJ\DQG*HQHWLFVFOLQLFVDW%RVWRQ&KLOGUHQ¶V
+RVSLWDO$VZHZHUHVHDUFKLQJIRUUDUHJHQHWLFV\QGURPHVVXEMHFWVZHUHDOORZHGWRKDYH
DGGLWLRQDOPHGLFDOFRPRUELGLWLHVG\VPRUSKLFIHDWXUHVRURWKHUKRUPRQDOGHILFLHQFLHVDVORQJ
DVWKHVHDOWHUQDWHPHGLFDOSUREOHPVGLGQRWSURYLGHDFOHDUH[SODQDWLRQIRUWKHVXEMHFW¶VVKRUW
VWDWXUH$GGLWLRQDOO\FRQWUROVZHUHFKRVHQIURP)UDPLQJKDP+HDUW6WXG\)+6&RQWUROV
ZHUHFKRVHQIURPWKHPLGGOHRIWKH)+6KHLJKWGLVWULEXWLRQKHLJKW=VFRUHVEHWZHHQDQG
6'6=VFRUHVZHUHFDOFXODWHGE\UHJUHVVLQJWKHKHLJKWSKHQRW\SHVWUDWLI\LQJE\JHQGHU
DQGDGMXVWLQJIRUDJH 
6HTXHQFLQJ3URWRFRO 
'1$VDPSOHVIURPPXOWLSOHVXEMHFWVZHUHSRROHGIRU'1$VHTXHQFLQJXVLQJSUHYLRXVO\
GHVFULEHGPHWKRGVDYDLODEOHDWWKH%URDG,QVWLWXWH,QRUGHUWRLGHQWLI\YDULDQWVSUHVHQW
RQO\LQDVLQJOHLQGLYLGXDOKHUHRQUHIHUUHGWRDVVLQJOHWRQYDULDQWVZHDSSOLHGDVLPSOH
RYHUODSSLQJSRROLQJGHVLJQ7KHVDPSOHVIURPVKRUWVWDWXUHVXEMHFWVDQGFRQWUROVDPSOHVZHUH
HDFKDUUDQJHGLQWRD[PDWUL[RISRROVZLWKVDPSOHVLQHDFKSRRO)RXUHPSW\
³KROHV´ZHUHLQFOXGHGLQHDFKPDWUL[IRUDVVHVVLQJIDOVHSRVLWLYHUDWH(DFKVDPSOHZDV
VHTXHQFHGLQWZRSRROVRQHURZSRRODQGRQHFROXPQSRRO6LQJOHWRQYDULDQWVDSSHDURQO\LQ
RQHURZSRRODQGRQHFROXPQSRRO7KHUHIRUHWKHVXEMHFWZKRVH'1$VDPSOHLVSUHVHQWDWWKH
LQWHUVHFWLRQRIWKHVHWZRSRROVPXVWEHWKHLQGLYLGXDOFDUU\LQJWKDWVLQJOHWRQYDULDQW7KH
WDUJHWHGH[RQVRIWKHFDQGLGDWHJHQHVZHUHHQULFKHGXVLQJDFXVWRP$JLOHQW6XUH6HOHFW
K\EULGVHOHFWLRQV\VWHP6HTXHQFLQJZDVSHUIRUPHGRQWKH,OOXPLQD+L6HTSODWIRUP7KHUHZDV
DQDYHUDJHRIUHDGVSHUSRROUHVXOWLQJLQPHDQWDUJHWFRYHUDJHRIUHDGV
UHDGVSHUVXEMHFWLQDSRRORIVXEMHFWVRUWRWDOUHDGVSHUVXEMHFWDVHDFKVXEMHFWLV
SUHVHQWLQWZRSRROV9DULDQWFDOOLQJZDVSHUIRUPHGXVLQJ6\]\J\VRIWZDUHDQGWKHQ
DSSOLHGDQHZOLNHOLKRRGEDVHGVHFRQGDU\FDOOLQJVWUDWHJ\WKDWLQWHJUDWHGWKHH[WUDLQIRUPDWLRQ
IURPRXUPDWUL[GHVLJQ 
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9DULDQWVZHUHDQQRWDWHGIRUIXQFWLRQDOHIIHFWXVLQJ6QS(II
KWWSVQSHIIVRXUFHIRUJHQHW9DULDQWDOOHOHIUHTXHQF\GDWDZDVREWDLQHGIURPWKUHHSXEOLFO\
DYDLODEOHGDWDVHWV,QWHJUDWHGYDULDQWFDOOVHWRI*HQRPHVSKDVHVDPSOHV
)HEUXDU\UHOHDVH1DWLRQDO+HDUW/XQJDQG%ORRG,QVWLWXWH([RPH9DULDQW6HUYHU
DQGaVHTXHQFHGJHQRPHVDQGH[RPHVDVVHPEOHGIRUH[RPHJHQRW\SLQJFKLS
GHVLJQKWWSJHQRPHVSKXPLFKHGXZLNL([RPHB&KLSB'HVLJQ0D[LPDODOOHOHIUHTXHQF\
IURPDOOWKUHHVRXUFHVZDVXVHG1RYHOYDULDQWVDUHWKRVHQRWREVHUYHGLQDQ\RIWKHVHGDWDVHWV 
$VVHVVLQJIDOVHSRVLWLYHDQGIDOVHQHJDWLYHUDWH 
:HHVWLPDWHGWKHIDOVHQHJDWLYHDQGIDOVHSRVLWLYHUDWHVE\FRPSDULQJSRROLQJGDWDZLWK
GDWDIURPH[RPHVHTXHQFLQJSUHYLRXVO\SHUIRUPHGLQRIWKHVKRUWVWDWXUHVXEMHFWV7RVWDUW
ZLWKZHGHWHUPLQHGWKHRYHUODSSLQJWDUJHWVEHWZHHQSRROLQJDQGH[RPHFDSWXUHDUUD\V7KHQ
OLPLWLQJWRVLWHVZLWK!UHDGVZHDVVXPHGWKDWWKHH[RPHVHTXHQFLQJGDWDUHIOHFWHGWKHJROG
VWDQGDUGGXHWRLWVPXFKJUHDWHUGHSWKRIFRYHUDJH)DOVHSRVLWLYHVZHUHGHILQHGDVVLQJOHWRQV
REVHUYHGLQSRROLQJGDWDEXWQRWLQH[RPHGDWDZKLOHIDOVHQHJDWLYHVZHUHWKRVHREVHUYHGLQ
H[RPHGDWDEXWQRWLQHLWKHURIWKHWZRUHOHYDQWSRROV7KHIDOVHSRVLWLYHUDWHZDVDOVR
HVWLPDWHGE\ORRNLQJIRUVLQJOHWRQYDULDQWVWKDWPDSSHGWRRQHRIWKHHPSW\³KROHV´LQWKH
PDWUL[7KHVLQJOHWRQYDULDQWVWKDWPDSSHGWRHPSW\³KROHV´ZHUHIDOVHSRVLWLYHVSHUPLWWLQJ
WKHQXPEHURIIDOVHSRVLWLYHYDULDQWVSHULQGLYLGXDOWREHHVWLPDWHGDQGIURPWKHUHZHFRXOG
LQGHSHQGHQWO\HVWLPDWHWKHIDOVHSRVLWLYHUDWHRIVLQJOHWRQYDULDQWV 
,*)5)XQFWLRQDO6WXGLHV 
:KROHEORRGVDPSOHV%'9DFXWDLQHU&HOO3UHSDUDWLRQ7XEHZLWKVRGLXPKHSDULQ
%HFWRQ'LFNLQVRQDQG&RPSDQ\)UDQNOLQ/DNHV1-ZHUHFROOHFWHGIURPWKHDGRSWHGSDWLHQW
DQGIURPWKHXQUHODWHGPRWKHUZKRVHUYHGDVDQRUPDOFRQWURO3HULSKHUDOEORRGPRQRQXFOHDU
FHOOV3%0&ZHUHLVRODWHGIROORZLQJWKHPDQXIDFWXUHU¶VSURWRFRO3%0&LQIUHH]LQJPHGLD
530,IHWDOERYLQHVHUXP'062ZHUHVWRUHGLQOLTXLGQLWURJHQ 
)RULPPXQREORWDQDO\VLVIUHVK3%0&[SHUWUHDWPHQWZHUHUHVXVSHQGHGLQ
VHUXPIUHH530,PHGLDZLWKRUZLWKRXWUHFRPELQDQW,*),QJPO*UR3HS/WG
6RXWK$XVWUDOLD$XVWUDOLDIRUPLQ&&2LQFXEDWRUSULRUWRSHOOHWLQJDQGFHOOO\VHGDV
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SUHYLRXVO\GHVFULEHGIRUILEUREODVWFHOOFXOWXUHV:HVWHUQLPPXQREORWDQDO\VHVZHUH
SHUIRUPHGDVSUHYLRXVO\GHVFULEHG 
)RU)ORZF\WRPHWU\DQDO\VLVE\)$&6)OXRUHVFHQW$FWLYDWHG&HOO6RUWLQJRIFHOO
VXUIDFH,*)53%0&ZDUPHGWR&IURPOLTXLGQLWURJHQVWRUDJHZHUHZDVKHGWZLFH
DOLTXRWHGDV[FHOOVSHUVDPSOHLQ530,)%6DQGLQFXEDWHGRYHUQLJKWDW&
&2LQFXEDWRU3ULRUWR,*),WUHDWPHQWFHOOVZHUHZDVKHGWZLFHZLWKVHUXPIUHH
530,%6$DQGHTXLOLEUDWHGLQPOVHUXPIUHH530,IRUKRXUV&HOOVZHUHWUHDWHG
ZLWKRUZLWKRXW,*),QJPOILQDOFRQFHQWUDWLRQIRUKUDIWHUZKLFKFHOOVZHUHZDVKHG
WZLFHZLWKFROGVWDLQLQJPHGLD;3%6%6$VRGLXPD]LGHDQGLQFXEDWHGZLWK
SK\FRHU\WKULQ3(FRQMXJDWHGDQWLKXPDQ,*),5DOSKD&'%'%LRVFLHQFH6DQ-RVH
&$IRUPLQXWHVDW&LQWKHGDUN)ROORZLQJDQWLERG\VWDLQLQJFHOOVZHUHZDVKHGWZLFH
ZLWKFROGVWDLQLQJPHGLDDQGUHVXVSHQGHGLQOVWDLQLQJPHGLDSURSULGLXPLRGLGH
3,DQGLQFXEDWHGRQLFHIRUPLQXWHVOLYH3%0&3,QHJDWLYH&'SRVLWLYH
SHUVDPSOHZHUHDFTXLUHGYLD)$&V&DOLEHU%'%LRVFLHQFH6DQ-RVH&$DQGIOXRUHVFHQFH
HPLWWHGE\,*)53(ODEHOHG3%0&DQDO\]HGXVLQJ)&6([SUHVVDQDO\VLVVRIWZDUH'H
1RYR6RIWZDUH/RV$QJHOHV&$ 
5HVXOWV 
'HVFULSWLRQRI&RKRUW 
3DUWLFLSDQWVLQWKLVVWXG\LQFOXGHGVXEMHFWVZLWKPDOHVDQGIHPDOHVRI
ZKRPZHUH&DXFDVLDQ7KHKHLJKW=VFRUHVUDQJHGIURPWR6'6)LJXUH7KH
DJHVRIWKHVHVXEMHFWVUDQJHGIURPWR\HDUVZLWKDPHDQRI\HDUV6HYHQW\VXEMHFWV
KDGEHJXQJURZWKKRUPRQHWKHUDS\IRUVKRUWVWDWXUHSULRUWRHQUROOPHQWLQWKHVWXG\
+RZHYHURQO\VXEMHFWVZHUHGLDJQRVHGZLWKJURZWKKRUPRQHGHILFLHQF\RIWKHVH
KDGLVRODWHGJURZWKKRUPRQHGHILFLHQF\ZLWKRXWDGGLWLRQDOSLWXLWDU\KRUPRQHGHIHFWV)RU
WKRVHVXEMHFWVRQJURZWKKRUPRQHWKHUDS\RQO\KHLJKW]VFRUHVSULRUWRLQLWLDWLRQRIWKHUDS\DUH
VKRZQ)LJXUH$QDGGLWLRQDOVXEMHFWVZHUHWKRXJKWWRKDYHNQRZQJHQHWLFV\QGURPHV
EXWFOLQLFDOGLDJQRVWLFWHVWLQJIRUWKHVXVSHFWHGV\QGURPHVKDGQRWLGHQWLILHGSDWKRJHQLF
YDULDQWV7ZHQW\QLQHVXEMHFWVZHUHUHSRUWHGWRKDYHGHYHORSPHQWDOGHOD\ 
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)LJXUH(UURU1RWH[WRIVSHFLILHGVW\OHLQGRFXPHQW+HLJKW=VFRUHDWHQUROOPHQWRUSULRUWRJURZWKKRUPRQH
WKHUDS\LQLWLDWLRQ(DFKEDUUHSUHVHQWVLQGLYLGXDOVZLWKDKHLJKW=VFRUHOHVVWKDQRUHTXDOWRWKHQXPEHUQRWHG
EHORZLWRQWKH;D[LVEXWJUHDWHUWKDQWKHQXPEHUEHORZWKHEDUWRWKHOHIW)RUH[DPSOHWKHULJKWPRVWEDU
UHSUHVHQWVLQGLYLGXDOVZLWKDKHLJKW]VFRUH= 
 
9DOLGDWLQJ3RROHG6HTXHQFLQJ5HVXOWV 
8VLQJRXUSRROHGVHTXHQFLQJGHVLJQWKHIDOVHSRVLWLYHUDWHRIVLQJOHWRQYDULDQWV
HVWLPDWHGE\FRPSDULVRQWRWKHH[RPHGDWDZDV7DEOH$GGLWLRQDOO\DWRWDORI
VLQJOHWRQYDULDQWVPDSSHGWRWKH³KROHV´LQWKHWZRPDWULFHVFRPSDUHGWRVLQJOHWRQ
YDULDQWVZKLFKPDSSHGWRWKHVXEMHFWVSDWLHQWVDQGFRQWUROVUHVXOWLQJLQDVLPLODU
HVWLPDWLRQRIWKHIDOVHSRVLWLYHUDWHRI7KHVHQXPEHUVHVWDEOLVKWKHXSSHUERXQGIRUWKH
YDULDQWIDOVHSRVLWLYHUDWHDVVLQJOHWRQYDULDQWVDUHPRUHOLNHO\WREHIDOVHSRVLWLYHVFRPSDUHG
WRYDULDQWVIRXQGLQPXOWLSOHLQGLYLGXDOV2XWRIDWRWDORIYDULDQWVSUHVHQWLQWKHH[RPH
VDPSOHVZLWKLQRXUWDUJHWUHJLRQYDULDQWVZHUHQRWLGHQWLILHGE\WKHSRROHGVHTXHQFLQJJLYLQJ
DQHVWLPDWHGRYHUDOOIDOVHQHJDWLYHUDWHRI6LPLODUWRWKHIDOVHSRVLWLYHUDWHWKHIDOVH
QHJDWLYHUDWHIRUVLQJOHWRQYDULDQWVLVOLNHO\WREHKLJKHUWKDQWKDWRIRWKHUYDULDQWVDVVLQJOHWRQ
YDULDQWVRQO\DSSHDULQWZRSRROVDQGDUHPRUHGLIILFXOWWRLGHQWLI\ 
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7DEOH)DOVHSRVLWLYHUDWHRIVLQJOHWRQVHVWLPDWHGE\FRPSDULQJZLWKH[RPHVHTXHQFLQJRIVDPSOHV 
6DPSOH,' 1XPEHURIVLQJOHWRQV )DOVH3RVLWLYHVLQJOHWRQV )DOVH3RVLWLYHUDWH 
    
    
    
    
    
    
6XP    
 
3DWKRJHQLFLW\RI5DUH9DULDQWV 
 ,QWKHVKRUWVWDWXUHFDVHVZHLGHQWLILHGDWRWDORIYDULDQWVRIZKLFK
ZHUHQRWGHWHFWHGLQWKHFRQWUROVDPSOHV2IWKHVHZHUHQRYHO7DEOH,QRUGHUWR
VFUHHQIRUSRVVLEOHFDXVDOHIIHFWVRIYDULDQWVIRXQGLQRXUFRKRUWZHFRPSDUHGWKHVHYDULDQWVWR
WKRVHIRXQGLQWKH+XPDQ*HQH0XWDWLRQ'DWDEDVH+*0'7KHGDWDEDVHFRQWDLQV
613VRULQGHOVORFDWHGLQWKHJHQHVLQRXUVWXG\ZKHUHWKHYDULDQWKDVEHHQ
UHSRUWHGDVDVVRFLDWHGZLWKDSDUWLFXODUFOLQLFDOSKHQRW\SH:HLGHQWLILHGVXFK613VWKDW
PDWFKHGDYDULDQWGHWHFWHGLQRXUFDVHVEXWQRWLQFRQWUROV$V+*0'LVNQRZQWRKDYH
HUURQHRXVHQWULHVZHHOLPLQDWHGYDULDQWVZLWKDPLQRUDOOHOHIUHTXHQF\RIRUJUHDWHUDV
WKHVHDUHXQOLNHO\WREHWUXHSDWKRJHQLFYDULDQWV2IWKHUHPDLQLQJYDULDQWVZHUH
DVVRFLDWHGZLWKUHFHVVLYHFRQGLWLRQVRUSUHGLVSRVLWLRQVWRFRPSOH[WUDLWVDQGWKHFOLQLFDO
SLFWXUHVRIWKHSDWLHQWVZHUHQRWFRQVLVWHQWZLWKWKHGLVHDVHSKHQRW\SHVXJJHVWLQJWKDWWKH\DUH
XQDIIHFWHGKHWHUR]\JRXVFDUULHUV7KHILQDOYDULDQWVSUHYLRXVO\DVVRFLDWHGZLWKGRPLQDQWO\
LQKHULWHGGLVHDVHVDUHOLVWHGLQDVXSSOHPHQWDU\WDEOH:HUHYLHZHGWKHSKHQRW\SHVRIWKH
FDVHVDQGLGHQWLILHGRQHFDVHRIDXWRVRPDOGRPLQDQWEUDFK\ROPLDW\SHDQGWKUHHFDVHVRI
1RRQDQV\QGURPH7KHUHPDLQLQJFDVHVXEMHFWVGLGQRWKDYHSKHQRW\SHVFRQVLVWHQWZLWKWKH
UHSRUWHGGLVHDVHDVVRFLDWLRQV 
 
7DEOH9DULDQWVLGHQWLILHGLQVKRUWVWDWXUHVDPSOHVEXWQRWLQFRQWUROVDPSOHV 
9DULDQW7\SH .QRZQ9DULDQWV 1RYHO9DULDQWV 
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,GHQWLILFDWLRQRISDWKRORJLFDOYDULDQWVDVVRFLDWHGZLWKEUDFK\ROPLDDQG1RRQDQ6\QGURPH 
7KHSDWLHQWZLWKEUDFK\ROPLDKDVDKHLJKWRI6'6DQGSODW\VSRQG\O\RIWKHFHUYLFDO
VSLQH7KHPXWDWLRQLQ7539LVDPLVVHQVHPXWDWLRQF*!$9,WKDWLVDNQRZQ
YDULDQWFDXVLQJWKHGLVHDVH3ULRUWRWKHUHVHDUFKUHVXOWVEHFRPLQJDYDLODEOHEXWVXEVHTXHQW
WRHQUROOPHQWLQRXUVWXG\WKLVSDWLHQWZDVFOLQLFDOO\GLDJQRVHGZLWKEUDFK\ROPLDDQGFOLQLFDO
WHVWLQJUHYHDOHGWKLVPXWDWLRQ 
$OOWKUHHSDWLHQWVZLWK1RRQDQ6\QGURPHFDUULHGYDULDQWVLQ3731WKHPRVWFRPPRQ
FDXVDWLYHJHQHLQWKLVV\QGURPH1RRQDQV\QGURPHLVDQDXWRVRPDOGRPLQDQWFRQGLWLRQZLWK
FKDUDFWHULVWLFG\VPRUSKLFIDFLDOIHDWXUHVDVZHOODVVKRUWVWDWXUHZHEEHGQHFNDQGFDUGLDF
DEQRUPDOLWLHV7KHILUVWVXEMHFWLVDQ\HDUROGIHPDOHZLWKDKHLJKW=VFRUHRI6'6
6KHZDVGLDJQRVHGZLWKLVRODWHGJURZWKKRUPRQHGHILFLHQF\DWDJH\HDUVDQGKDGDSRRU
UHVSRQVHWRJURZWKKRUPRQHWKHUDS\2IQRWHVKHZDVERUQZLWKDWUDQVLWLRQDODWULRYHQWULFXODU
FDQDOGHIHFWZKLFKZDVUHSDLUHGDWPRQWKVRIDJH6KHKDGDWULDQJXODUIDFHZLWKDPLOGO\ORZ
SRVWHULRUKDLUOLQHDQGVOLJKWO\ZLGHVSDFHGH\HV6KHGLGQRWKDYHSWRVLVRUGRZQVODQWLQJH\HV
DQGHDUVZHUHQRUPDO6KHFDUULHVWKHF$!*S<&YDULDQW7KHVHFRQGVXEMHFWLVDQ
\HDUROGIHPDOHZLWKDKHLJKW=VFRUHRI6'66KHUHDFKHGDKHLJKWQDGLURI6'6DW
DJHSULRUWRVWDUWLQJJURZWKKRUPRQHWKHUDS\IRUDQLQGLFDWLRQRIEHLQJVPDOOIRUJHVWDWLRQDO
DJHWRZKLFKVKHKDGDJRRGUHVSRQVH6KHZDVHYDOXDWHGDWDJHE\DJHQHWLFLVWIRUWKH
SRVVLELOLW\RI5XVVHOO6LOYHUV\QGURPHEXWQRIRUPDOGLDJQRVLVZDVPDGH6KHKDVSWRVLV
HSLFDQWKDOIROGVGRZQVODQWLQJH\HVDQGSRVWHULRUO\URWDWHGHDUV6KHFDUULHVWKH
F$!*S,9YDULDQWZKLFKVKHLQKHULWHGIURPKHUIDWKHUZKRVHKHLJKWLVFP
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6'67KHWKLUGVXEMHFWLVD\HDUROGPDOHZLWKDKHLJKW=VFRUHRI6'6+HUHDFKHG
DKHLJKWQDGLURI6'6DWDJHSULRUWREHLQJGLDJQRVHGZLWKLVRODWHGJURZWKKRUPRQH
GHILFLHQF\DQGVWDUWLQJJURZWKKRUPRQHWKHUDS\+HDOVRLQLWLDWHGWHVWRVWHURQHWKHUDS\DWDJH
IRUGHOD\HGSXEHUW\+HKDVPLOGOHDUQLQJLVVXHVDQGRQH[DPKDVDORZSRVWHULRUKDLUOLQHEXW
QRRWKHUIDFLDOIHDWXUHVFRQVLVWHQWZLWK1RRQDQV\QGURPH+HFDUULHVWKHF7!&S)/
YDULDQW 
 
,GHQWLILFDWLRQRIRQHSDWKRORJLFDO,*)5YDULDQWDPRQJVWDOO,*)5UDUHYDULDQWVLGHQWLILHG 
 7RGHPRQVWUDWHWKHXWLOLW\RIDODUJHVFDOHVHTXHQFLQJDSSURDFKDQGWKHQHHGIRUFDUHIXO
LQWHUSUHWDWLRQRIUHVXOWVZHIRFXVHGRQUDUHYDULDQWVLQ,*)5DJHQHIRUZKLFK
KDSORLQVXIILFLHQF\LVNQRZQWRFDXVHVLJQLILFDQWVKRUWVWDWXUH2XUDSSURDFKZDVWR
LGHQWLI\QRQV\QRQ\PRXVYDULDQWVSUHVHQWLQFDVHVRQO\ZKLFKVHJUHJDWHGZLWKWKHSKHQRW\SHRI
VKRUWVWDWXUHZLWKLQWKHIDPLOLHV9DULDQWVPHHWLQJWKHVHFULWHULDZRXOGEHFODVVLILHGDV
SRWHQWLDOO\SDWKRJHQLFYDULDQWUHTXLULQJIXUWKHUIXQFWLRQDOYDOLGDWLRQ,QWRWDORXUWDUJHWHG
VHTXHQFLQJIRXQGXQLTXH,*)5YDULDQWVLQERWKVXEMHFWVDQGFRQWUROV2IWKHVHZHUH
V\QRQ\PRXV613VPRVWRIZKLFKZHUHFRPPRQPLQRUDOOHOHIUHTXHQF\!WKHVHZHUH
QRWHYDOXDWHGIXUWKHU7KHUHPDLQLQJYDULDQWVLQFOXGHGPLVVHQVHRQHIUDPHVKLIWDQGWZR
LQWURQLFYDULDQWV7KHLQWURQLFYDULDQWVZHUHERWKIRXQGZLWKLQEDVHSDLUVRIDQH[RQZKLFK
FRXOGSRWHQWLDOO\VXJJHVWLQYROYHPHQWLQVSOLFLQJDQGWKXVZHUHLQFOXGHGIRUIXUWKHUDQDO\VLV
)LYHRIWKHVHYDULDQWVZHUHSUHVHQWLQFDVHVRQO\7DEOH$OOQLQHYDULDQWVZHUHYDOLGDWHG
YLDWUDGLWLRQDO6DQJHUVHTXHQFLQJDQGFRQILUPHGWREHKHWHUR]\JRXV7RGHWHUPLQHWKH
ELRORJLFDOVLJQLILFDQFHRIWKHVHYDULDQWVVHJUHJDWLRQRIYDULDQWVZLWKLQIDPLOLHVZDV
SHUIRUPHG)LJXUH7KHUHZDVQRFRUUHODWLRQEHWZHHQWKHLQGLYLGXDOIDPLO\PHPEHU¶V
KHLJKWVDQGFDUULHUVWDWXVRIWKHYDULDQWVVXJJHVWLQJWKDWWKHVHYDULDQWVDUHXQOLNHO\WREHPDMRU
FRQWULEXWRUVWRWKHSDWLHQWV¶VKRUWVWDWXUHDQGWKHUHIRUHZHH[FOXGHGWKHVHYDULDQWVIURPIXUWKHU
FRQVLGHUDWLRQDVSDWKRJHQLFYDULDQWV9DULDQWZDVSUHVHQWLQPXOWLSOHFDVHVDQGFRQWUROVDQG
ZDVDOVRXQOLNHO\WREHSDWKRJHQLF2IQRWHRQHRIWKHWZRUDUHPLVVHQVHYDULDQWVIRXQGRQO\LQ
FRQWUROVLQRXUVWXG\YDULDQWZDVSUHYLRXVO\UHSRUWHGDVSDWKRJHQLFLQWKHOLWHUDWXUH
7KLVFRQWUROLVRIQRUPDOVWDWXUHDW6'6 
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)LJXUH6HJUHJDWLRQRILGHQWLILHG,*)5QRQV\QRQ\PRXVYDULDQWVLQDIIHFWHGIDPLOLHVGRHVQRWFRUUHODWHZLWK
VKRUWVWDWXUH1XPEHUVEHORZWKHLQGLYLGXDOVGHQRWHWKHKHLJKW=VFRUHVALQGLFDWHVWKDWWKHKHLJKWZDVHVWLPDWHG
E\DIDPLO\PHPEHU$OORWKHUYDOXHVZHUHPHDVXUHG,QGLYLGXDOVFDUU\LQJWKHKHWHUR]\JRXVYDULDQWVDUHLQGLFDWHG
DVEODFNKDOIILOOHGLQFLUFOHVIHPDOHVRUVTXDUHVPDOHV7KHDUURZSRLQWVWRWKHDIIHFWHGSUREDQGLQHDFKIDPLO\ 
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$OOFDVHVZHUHWKHSURGXFWRIIXOOWHUPSUHJQDQFLHV!ZHHNVZLWKWKHH[FHSWLRQRIFDVHZHHNV1RQHRIWKHFDVHVPHWWKHGHILQLWLRQIRU,8*5
ZHLJKWJDWELUWKIRUQRUPDOJHVWDWLRQ1RUPDOUDQJHIRUVH[DQG7DQQHUVWDJH$OO,*)YDOXHVZHUHREWDLQHGGXULQJDEDVHOLQHFOLQLFDOHYDOXDWLRQ
DQGZHUHPHDVXUHGZKHQWKHSDWLHQWZDVQRWRQJURZWKKRUPRQHWKHUDS\
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 9DULDQWZDVDQRYHOIUDPHVKLIWPXWDWLRQFGXS*S$*IVIRXQGLQRQHFDVH
LQWKHKHWHUR]\JRXVVWDWH7KHPXWDWLRQFDXVHVVHYHUHWUXQFDWLRQRIWKHSURWHLQZLWKFRPSOHWH
DEURJDWLRQRIWKHWUDQVPHPEUDQHDQGLQWUDFHOOXODUGRPDLQVDQGWKXVZDVSUHGLFWHGWROHDGWR
KDSORLQVXIILFLHQF\7KLVSDWLHQWZDVDGRSWHGIURP&KLQDDW\HDUVRIDJHDQGWKHUHIRUHD
FRPSOHWHKLVWRU\DQGIDPLOLDOVDPSOHVFRXOGQRWEHREWDLQHG$WWKHDJHRI\HDUVWKHSDWLHQW
KDG7DQQHUVWDJHEUHDVWGHYHORSPHQWZLWKDKHLJKWRIFP6'6ZHLJKWRINJ
6'6DQGDKHDGFLUFXPIHUHQFHRIFP6'66KHKDVDKLVWRU\QRWDEOHIRU
ELODWHUDOFOHIWOLSDQGSDODWHDVZHOODVDWWHQWLRQGHILFLWGLVRUGHUDQGPLOGGHYHORSPHQWDOGHOD\
+HU,*)ZDVQRUPDODWQJP/QRUPDOUDQJH±QJPOIRU7DQQHU6WDJH
IHPDOH*URZWKKRUPRQHVWLPXODWLRQWHVWLQJZLWKDUJLQLQHDQGJOXFDJRQGHPRQVWUDWHGDSHDN
JURZWKKRUPRQHOHYHORIQJPO6KHKDGSUHYLRXVO\EHHQWUHDWHGZLWKJURZWKKRUPRQH
WKHUDS\ZLWKDSRVVLEOHPLOGLQFUHDVHLQJURZWKYHORFLW\DOWKRXJKWKLVRFFXUUHGFRQFXUUHQWO\
ZLWKHQWHULQJSXEHUW\ 
 9DULDQWZDVWKHRQO\YDULDQWLQ,*)5WKDWPHWRXUSUHVSHFLILHGFULWHULDIRU
FRQVLGHUDWLRQDVDSRWHQWLDOSDWKRJHQLFYDULDQW7RGHWHUPLQHLI9DULDQWZDVFDXVDOIRUWKH
SDWLHQW¶VSKHQRW\SHZHHYDOXDWHG,*)5H[SUHVVLRQDQGIXQFWLRQLQSULPDU\3%0&GHULYHG
IURPWKHSDWLHQWFRPSDUHGWRFRQWURO3%0&SURFXUHGIURPWKHXQUHODWHGDGRSWLYHPRWKHU
)ORZF\WRPHWULFDQDO\VLVE\)$&6RIOLYH3%0&&RXQWV<D[LV)LJXUHLQGLFDWHG
IOXRUHVFHQFHHPLWWHGE\,*)53(ODEHOHG3%0&ZDVPDUNHGO\UHGXFHG)OXRUHVFHQFH
,QWHQVLW\;D[LV)LJXUHLQSDWLHQW30%&ZKHQFRPSDUHGWRWKHQRUPDOFRQWURO3%0&
)LJXUH$:KHQWKHOLYH3%0&ZHUHWUHDWHGZLWK,*),HPLWWHGIOXRUHVFHQFHZDV
FRPSDUDEO\UHGXFHGIRUERWKFRQWURODQGSDWLHQW3%0&VXJJHVWLQJQRUPDOLQWHUQDOL]DWLRQRI
,*)5XSRQOLJDQGELQGLQJ)LJXUH%,PPXQREORWDQDO\VLVRIFHOOO\VDWHVIXUWKHUPRUH
LQGLFDWHGWRWDO,*)5H[SUHVVLRQZDVUHGXFHGLQWKHSDWLHQW3%0&ZLWKFRUUHODWLQJUHGXFWLRQV
LQ,*),LQGXFHGVLJQDOLQJ)LJXUH&$OWRJHWKHUWKHUHVXOWVDUHFRQVLVWHQWZLWKWKH
KHWHUR]\JRXV,*)5FGXS*YDULDQWLQGXFLQJDVWDWHRI,*)5GHILFLHQF\DQGEHLQJDQ
H[FHOOHQWFDQGLGDWHWRFDXVHWKHVXEMHFW¶VVKRUWVWDWXUH 
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)LJXUH,*)5H[SUHVVLRQDQGVLJQDOLQJLQSULPDU\SHULSKHUDOEORRGPRQRQXFOHDUFHOOV3%0&RISDWLHQW
FDUU\LQJKHWHUR]\JRXV,*)5FGXS*3%0&ZHUHLVRODWHGDVLQGLFDWHGLQ0HWKRGV)ORZF\WRPHWU\DQDO\VLV
E\)$&6ZDVHPSOR\HGWRGHWHFW,*)5ODEHOHGE\3(FRQMXJDWHGDQWLKXPDQ,*)5DOSKDDQWLERG\VHH
0HWKRGVRQWKHFHOOVXUIDFHRIOLYH3%0&/LYH3%0&&RXQWV<D[LVDQGIOXRUHVFHQFHHPLWWHGE\WKH
,*)53(ODEHOHG3%0&ZHUHFROODWHGORJVFDOH)OXRUHVFHQFH,QWHQVLW\;D[LV$3DWLHQWUHGJUDSK
FRPSDUHGWR1RUPDOEODFNJUDSK3%0&V%DFNJURXQGIOXRUHVFHQFHHPLWWHGE\XQODEHOHGDQGXQWUHDWHG3%0&
FRQWUROLVVKRZQE\WKHJUH\VKDGHGUHJLRQ*HRPHWULFPHDQRIWKH)OXRUHVFHQW,QWHQVLW\),GHWHFWHGLQ1RUPDO
3%0&ZDVJLYHQDQDUELWUDU\XQLWRIWDEOH%7KHHIIHFWRI,*),WUHDWPHQWQJPOKURQWKH
GHWHFWLRQRI,*)53(ODEHOHG3%0&IURP1RUPDOXSSHUSDQHODQG3DWLHQWORZHUSDQHO)RUHDFKWKH
JHRPHWULFPHDQRIWKH)OXRUHVFHQW,QWHQVLW\),GHWHFWHGLQXQWUHDWHG3%0&ZDVJLYHQDQDUELWUDU\XQLWRI
&:HVWHUQLPPXQREORWDQDO\VLVRIWRWDOFHOOO\VDWHVIURP3%0&WUHDWHGZLWK,*),QJPOYHUVXVXQWUHDWHG
FHOOV0ROHFXODUZHLJKWN'DLVLQGLFDWHGRQWKHOHIWVLGHRIWKHLPPXQREORWV7KHLQWUDFHOOXODUSURWHLQVGHWHFWHG
DUHLQGLFDWHGE\DUURZVRQULJKW 
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'LVFXVVLRQ 
 6KRUWVWDWXUHLVDFRPPRQSUREOHPFRQIURQWLQJSHGLDWULFHQGRFULQRORJLVWV$IWHU
H[FOXVLRQRIRWKHUFKURQLFGLVHDVHVRURYHUWKRUPRQDOGHILFLHQFLHVFOLQLFLDQVDUHRIWHQXQDEOH
WRSURYLGHDGHILQLWLYHGLDJQRVLVIRUWKHHWLRORJ\RIDQLQGLYLGXDOSDWLHQW¶VVKRUWVWDWXUH7KHUH
DUHDPXOWLWXGHRIJHQHWLFFDXVHVIRUVKRUWVWDWXUHEXWWKHPDMRULW\RISDWLHQWVGRQRWIDOOLQWRD
SUHYLRXVO\LGHQWLILHGJHQHWLFV\QGURPH:HWKHUHIRUHGHVLJQHGDQGSHUIRUPHGDODUJHVFDOH
VHTXHQFLQJSURMHFWWRLGHQWLI\SDWKRJHQLFUDUHJHQHWLFYDULDQWVLQLQGLYLGXDOVZLWKVKRUWVWDWXUH
:HVHTXHQFHGDOLVWRIFDQGLGDWHJHQHVLQFOXGLQJNQRZQVNHOHWDOG\VSODVLDJHQHVJHQHV
ZLWKLQWKHJURZWKKRUPRQHVLJQDOLQJSDWKZD\JHQHVNQRZQWRDIIHFWJURZWKSODWHELRORJ\DQG
JHQHVZLWKLQORFLDVVRFLDWHGZLWKDGXOWKHLJKWLQODUJH*:$VWXGLHV8VLQJWKLVDSSURDFKZH
LGHQWLILHGIRXUNQRZQSDWKRJHQLFYDULDQWVFDXVLQJVKRUWVWDWXUHDVZHOODVQRYHOYDULDQWVLQ
JHQHVNQRZQWRDIIHFWVWDWXUH 
 7RIDFLOLWDWHWKHVHTXHQFLQJRIDODUJHQXPEHURIJHQHVLQPDQ\VXEMHFWVZHHPSOR\HGD
SRROHGVHTXHQFLQJGHVLJQZKLFKVLJQLILFDQWO\UHGXFHGWKHFRVWRIVXFKDQDO\VLV7KH
PDMRULW\RIWKHFRVWDVVRFLDWHGZLWKDWDUJHWHGQH[WJHQHUDWLRQVHTXHQFLQJSURMHFWLVW\SLFDOO\
LQFXUUHGDWWKHOLEUDU\FRQVWUXFWLRQVWDJHLQZKLFKWDUJHWHGUHJLRQVRI'1$DUHVHSDUDWHGIURP
WKHUHPDLQGHURIWKHJHQRPHIRUVHTXHQFLQJ,QDSRROHGVHTXHQFLQJGHVLJQWKLVSURFHVVRQO\
KDVWREHSHUIRUPHGRQFHSHUSRRO$OWKRXJKDFWXDOVHTXHQFLQJGHSWKPD\QHHGWREHLQFUHDVHG
LQRUGHUWRHQVXUHDGHTXDWHUHSUHVHQWDWLRQRIDOOVDPSOHVLQWKHSRROWKHDVVRFLDWHGFRVWLV
UHODWLYHO\PLQRU,QGHHGWKHFRVWSHUVDPSOHRIRXUSRROHGWDUJHWHGVHTXHQFLQJDSSURDFKLV
HVWLPDWHGWREHaRIWKHFRVWIRULQGLYLGXDOH[RPHVHTXHQFLQJLHFRPSDUHGWR
SHUVDPSOHEDVHGRQFXUUHQWFKDUJHVDWWKH%URDG,QVWLWXWH([RPHVHTXHQFLQJFRXOGDOVREH
GRQHLQDSRROHGIDVKLRQLQZKLFKFDVHFRVWGLIIHUHQFHVZLOOGHSHQGRQWKHFRVWRIVHTXHQFLQJ
FRYHUDJHDSURFHVVZKLFKLVEHFRPLQJFKHDSHUWRSHUIRUP:KLOHSRROHGH[RPHVHTXHQFLQJ
GRHVKDYHWKHDGYDQWDJHWKDWQHDUO\DOOJHQHVDUHHYDOXDWHGDQDO\VLVDQGLQWHUSUHWDWLRQRIWKH
GDWDJHQHUDWHGZRXOGEHPXFKPRUHFRPSOH[GXHWRWKHODUJHQXPEHURIQRYHOQRQV\QRQ\PRXV
YDULDQWVLQJHQHVZLWKQRNQRZQFRQQHFWLRQWRWKHSKHQRW\SHRILQWHUHVW2XUVLPSOHPDWUL[
SRROLQJGHVLJQLQFRQWUDVWDOORZVIRUWKHUDSLGDVVHVVPHQWRIORZIUHTXHQF\YDULDQWVLQ
FDQGLGDWHJHQHVDQGWRLGHQWLI\LQGLYLGXDOVFDUU\LQJVLQJOHWRQYDULDQWVZKLFKDUHPRUHOLNHO\
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WREHSDWKRJHQLFFRPSDUHGWRYDULDQWVZLWKDKLJKHUPLQRUDOOHOHIUHTXHQF\+RZHYHUSRROLQJ
GRHVOLPLWWKHDELOLW\WRGLVFHUQLIDVLQJOHYDULDQWLVKRPR]\JRXVRUKHWHUR]\JRXVLQDQ
LQGLYLGXDOVXEMHFWDQGIROORZXSFRQILUPDWRU\JHQRW\SLQJLVQHFHVVDU\8VLQJWKLVGHVLJQZH
ZHUHDEOHWRLGHQWLI\DODUJHQXPEHURIYHU\UDUHQRQV\QRQ\PRXVYDULDQWVZLWKLQRXUFDQGLGDWH
JHQHVZLWKDORZIDOVHSRVLWLYHDQGORZIDOVHQHJDWLYHUDWH 
 :HLGHQWLILHGIRXUVXEMHFWVLQRXUFRKRUWZKRKDGNQRZQSDWKRJHQLFYDULDQWVLPSOLFDWHG
LQGLVHDVH1RWDEO\WKUHHRIWKHVHVXEMHFWVKDYHPXWDWLRQVLQ3731WKDWDUHFDXVDORI
1RRQDQV\QGURPH1RRQDQV\QGURPHLVNQRZQWRKDYHDZLGHSKHQRW\SLFVSHFWUXPOHDGLQJWR
GLIILFXOW\LQGLDJQRVLVDQGLQGHHGRQHRIRXUVXEMHFW¶VIDWKHUVFDUULHVDSURYHQSDWKRJHQLF
YDULDQWLQ3731\HWQHYHUSUHVHQWHGZLWKRYHUWFOLQLFDOPDQLIHVWDWLRQVRI1RRQDQV\QGURPH
:KLOHLWLVWUXHWKDWRXUVXEMHFWVPD\KDYHKDGIHDWXUHVFRQVLVWHQWZLWK1RRQDQV\QGURPH
ZKLFKZHUHXQUHFRJQL]HGVXFKDVDFDUGLDFGHIHFWRUGHOD\HGSXEHUW\WKLVUHWURVSHFWLYH
UHFRJQLWLRQRIUHODWHGIHDWXUHVGRHVQRWHOLPLQDWHWKHEHQHILWRIJHQHWLFVFUHHQLQJ7KHODFNRI
GLDJQRVHVLQRXUFRKRUWUHSUHVHQWVFOLQLFDOUHDOLW\DVWKHVHVXEMHFWVZHUHH[WHQVLYHO\HYDOXDWHG
E\H[SHULHQFHGSHGLDWULFHQGRFULQRORJLVWVDQGLQRQHFDVHDJHQHWLFLVWDVZHOO7KLVVXJJHVWV
WKDWDVXEVWDQWLDOQXPEHURISDWLHQWVZLWK1RRQDQV\QGURPHDUHGHVLJQDWHGDVKDYLQJ
LGLRSDWKLFVKRUWVWDWXUHRULVRODWHGJURZWKKRUPRQHGHILFLHQF\HYHQDIWHUFOLQLFDOHYDOXDWLRQE\
SHGLDWULFVXEVSHFLDOLVWV$GGLWLRQDOUHVHDUFKLVQHHGHGWRGHWHUPLQHLIZLGHVSUHDGVFUHHQLQJRI
3731RUWKHRWKHU1RRQDQV\QGURPHJHQHVLVZDUUDQWHGIRUSDWLHQWVZLWKVKRUWVWDWXUHRI
XQNQRZQHWLRORJ\ 
 ,WLVLPSRUWDQWWRQRWHWKDWLQRXUFRKRUWWKHYDVWPDMRULW\RI+*0'UHSRUWHGGLVHDVH
FDXVLQJGRPLQDQWPXWDWLRQVGLGQRWPDQLIHVWZLWKWKHDVVRFLDWHGFOLQLFDOSKHQRW\SH7KH
FODVVLILFDWLRQRIWKHVHYDULDQWVDVSDWKRJHQLFLVOLNHO\HUURQHRXVDQGEDVHGRQLQVXIILFLHQW
FOLQLFDOHYLGHQFH+RZHYHUZHFDQQRWUXOHRXWWKHSRVVLELOLW\WKDWWKHYDULDQWVKDYHYDULDEOH
H[SUHVVLYLW\DQGVRPHRIRXUVXEMHFWVDUHSUHVHQWLQJRQWKHYHU\PLOGHQGRIWKHFOLQLFDO
VSHFWUXPZLWKVKRUWVWDWXUHDVWKHLUGLVHDVHPDQLIHVWDWLRQ 
2XUIRFXVRQUDUHYDULDQWVRIWKH,*)5JHQHLOOXVWUDWHVWKHFULWLFDOLPSRUWDQFHRI
SURYLGLQJVXSSRUWLQJIDPLOLDOVHJUHJDWLRQDQGIXQFWLRQDOGDWDZKHQDUDUHYDULDQWKDVEHHQ
LGHQWLILHG,*)WKHSULPDU\PHGLDWRURIJURZWKKRUPRQHIXQFWLRQLVHVVHQWLDOIRUJURZWK
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+HWHUR]\JRXVDQGFRPSRXQGKHWHUR]\JRXVPXWDWLRQVLQ,*)5WKDWOHDGWRGHFUHDVHVLQ
TXDQWLW\RUIXQFWLRQRIWKHUHFHSWRUKDYHEHHQGHVFULEHGLQQHDUO\DGR]HQKXPDQFDVHV
7KHVHSDWLHQWVGLVSOD\YDULDEOHSKHQRW\SHVZLWKVKDUHGFKDUDFWHULVWLFVWKDWLQFOXGH
SRRUSUHQDWDODQGSRVWQDWDOJURZWKPLFURFHSKDO\KLJKRUQRUPDO,*)OHYHOVDQG
GHYHORSPHQWDOGHOD\ 
 2XUWDUJHWHGVHTXHQFLQJDSSURDFKLGHQWLILHGXQLTXHUDUHQRQV\QRQ\PRXV,*)5
YDULDQWVDVZHOODVLQWURQLFYDULDQWVZLWKWKHSRWHQWLDOWRDIIHFWVSOLFLQJGXHWRWKHLUSUR[LPLW\
WRH[RQV2QO\RQHRIWKHVHYDULDQWVDQRYHOFGXS*IUDPHVKLIWPXWDWLRQORFDWHGLQH[RQ
ZDVDVVRFLDWHGZLWKFOLQLFDOIHDWXUHVVXJJHVWLYHRIDSDWKRORJLFDO,*)5GHILFLHQF\VWDWH
KLJKOHYHOVRIVHUXP,*)PLFURFHSKDO\LQWUDXWHULQHJURZWKUHWDUGDWLRQ)XUWKHUPRUHLQ
SULPDU\FHOOVGHULYHGIURPWKLVSDWLHQWVLJQLILFDQWGHFUHDVHVLQERWK,*)5H[SUHVVLRQDQG
,*),LQGXFHGVLJQDOLQJVXSSRUWHGWKHSDWKRJHQLFLW\RIWKH,*)5FGXS*GHIHFW1RQHRI
WKHUHPDLQLQJYDULDQWVIRXQGLQFDVHVVKRZFRQYLQFLQJHYLGHQFHRISDWKRJHQLFLW\7KLVH[DPSOH
GHPRQVWUDWHVWKDWODUJHVFDOHVHTXHQFLQJHIIRUWVZLOOLGHQWLI\QXPHURXVYHU\UDUHDQGQRYHO
QRQV\QRQ\PRXVYDULDQWVLQFDQGLGDWHJHQHV7KHPDMRULW\RIWKHVHYDULDQWVZLOOEHPLVVHQVH
YDULDQWVOHDGLQJWRDFKDQJHLQDVLQJOHDPLQRDFLGPRVWRIZKLFKZLOOQRWDIIHFWSURWHLQ
IXQFWLRQDQGUHSUHVHQWLQFLGHQWDOILQGLQJV6HJUHJDWLRQRIWKHVHYDULDQWVZLWKWKHSKHQRW\SH
ZLWKLQIDPLOLHVLVWKHILUVWFULWLFDOVWHSLQHYDOXDWLQJSRWHQWLDOSDWKRJHQLFLW\KLJKOLJKWLQJWKH
LPSRUWDQFHRIFROOHFWLQJIDPLOLDOVDPSOHVDWWKHWLPHRILQLWLDO'1$FROOHFWLRQ 
 )LOWHULQJVWUDWHJLHVEDVHGRQSRSXODWLRQDOOHOHIUHTXHQF\DUHXVHIXODQGQHFHVVDU\EXWWKH
PDMRULW\RISXEOLFGDWDEDVHVGRQRWSURYLGHLQGLYLGXDOSKHQRW\SLFGDWDOLQNHGWRWKHVXEMHFW¶V
JHQRW\SHWKXVOLPLWLQJWKHDELOLW\WRGHWHUPLQHLIDYDULDQWLVSRWHQWLDOO\SDWKRJHQLF7KHUHIRUH
VLPXOWDQHRXVVHTXHQFLQJRIDFRQWUROFRKRUWZLWKDNQRZQSKHQRW\SHLQWKLVFDVHQRUPDO
VWDWXUHSURYLGHVDGGLWLRQDOLQIRUPDWLRQDERXWWKHODFNRISDWKRJHQLFLW\RIUDUHYDULDQWVLQD
JHQH7KLVLVH[HPSOLILHGE\RXUILQGLQJWKDWDQ,*)5YDULDQWSUHYLRXVO\UHSRUWHGWREH
SDWKRJHQLFF*!$S54ZDVIRXQGLQWKHKHWHUR]\JRXVVWDWHLQDFRQWURORI
QRUPDOVWDWXUH7KLVYDULDQWZDVRULJLQDOO\LGHQWLILHGLQWKHKHWHUR]\JRXVVWDWHLQDSDWLHQWDQG
KHUPDWHUQDODXQWERWKRIZKRPSUHVHQWHGZLWKH[WUHPHVKRUWVWDWXUHDQG6'6
UHVSHFWLYHO\,WLVRIQRWHWKDWLQIRUPDWLRQUHJDUGLQJWKHSDUHQWVRIWKHSDWLHQWZHUHODFNLQJLQ
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WKLVUHSRUW,QYLWURUHFRQVWLWXWLRQVWXGLHVRIWKHKRPR]\JRXVS54YDULDQWZHUHSHUIRUPHG
WRVXSSRUWWKHSDWKRJHQLFLW\RIWKLVYDULDQWDOWKRXJKWKHHIIHFWRIKHWHUR]\JRVLW\ZDVXQNQRZQ
7KHVHFDYHDWVWRJHWKHUZLWKRXULGHQWLILFDWLRQRIWKHVDPHYDULDQWLQDQRUPDOVWDWXUHGFRQWURO
VWURQJO\VXJJHVWWKDWDKHWHUR]\JRXVS54LVXQOLNHO\WREHFDXVDORIWKHSUHYLRXVO\
UHSRUWHGIDPLO\¶VH[WUHPHVKRUWVWDWXUH)XUWKHUPRUH.DQVUDHWDOUHFHQWO\GHWHFWHGWKH
54YDULDQWLQRISXEOLFVFKRROVWXGHQWV,QGHHGFDUULHUVKDGDQDYHUDJHKHLJKW
DURXQGWKHWKSHUFHQWLOHWKXVSURYLGLQJDGGLWLRQDOHYLGHQFHWKDWWKLVYDULDQWGRHVQRWFDXVH
VHYHUHVKRUWVWDWXUH$OWRJHWKHUWKHVHUHVXOWVVXSSRUWWKHLPSRUWDQFHRIVHJUHJDWLRQDQDO\VLVDQG
WKHQHHGWRLQFOXGHSULPDU\FHOOVLQIXQFWLRQDODQDO\VLV 
 2XUVWXG\KDVDQXPEHURILPSRUWDQWOLPLWDWLRQV:HUHFUXLWHGDYHU\KHWHURJHQHRXV
FRKRUWDOORZLQJIRUWKHLQFOXVLRQRIG\VPRUSKLFIHDWXUHVRWKHUFRQJHQLWDODQRPDOLHVDQG
KRUPRQDOGHILFLHQFLHVSURYLGHGWKDWWKHUHZDVQRNQRZQJHQHWLFHWLRORJ\IRUWKHVHILQGLQJV
7KXVVXEMHFWVLQWKLVFRKRUWGRQRWPHHWDVWULFWGHILQLWLRQRILGLRSDWKLFVKRUWVWDWXUH
1HYHUWKHOHVVZHEHOLHYHWKDWWKLVFRKRUWPRUHDFFXUDWHO\UHSUHVHQWVWKHGLYHUVLW\RISDWLHQWV
ZKRDUHVHHQLQDUHIHUUDOVHWWLQJDQGLVOLNHO\HQULFKHGIRULQGLYLGXDOVZLWKUDUHJHQHWLFYDULDQWV
WKDWPD\KDYHPXOWLV\VWHPHIIHFWV$GGLWLRQDOO\RXUK\EULGVHOHFWLRQVWUDWHJ\RQO\WDUJHWVWKH
H[RQVRIWKHFDQGLGDWHJHQHVDQGWKXVDQ\QRQFRGLQJYDULDWLRQWKDWDIIHFWVJHQHH[SUHVVLRQ
FDQQRWEHGHWHFWHGE\RXUPHWKRGV9DULDQWVDIIHFWLQJJHQHH[SUHVVLRQFDQSOD\DQLPSRUWDQW
UROHLQFDXVLQJVKRUWVWDWXUH)RUH[DPSOH5XVVHOO6LOYHU6\QGURPHDQLPSRUWDQWV\QGURPLF
IRUPRIVKRUWVWDWXUHLVRIWHQGXHWRDEQRUPDOLWLHVLQPHWK\ODWLRQRIFKURPRVRPHS
OHDGLQJWRDEHUUDQWJHQHH[SUHVVLRQ$GGLWLRQDOO\RXUFXUUHQWDSSURDFKGRHVQRWDVVHVV
FRS\QXPEHUYDULDWLRQLHGHOHWLRQVRUGXSOLFDWLRQVRIJHQHVZKLFKPD\DOVREHDQLPSRUWDQW
JHQHWLFGHIHFWOHDGLQJWRVKRUWVWDWXUH:HDUHFXUUHQWO\SXUVXLQJFRS\QXPEHUDQDO\VLVRIWKLV
FRKRUWXVLQJDFXVWRPFKURPRVRPDOPLFURDUUD\GDWDQRWVKRZQ )XUWKHUPRUHZHGRQRW
REWDLQSHUIHFWVHTXHQFLQJFRYHUDJHRIDOOYDULDQWVLQWKHWDUJHWHGUHJLRQDQGFRXOGPLVV
SRWHQWLDOO\SDWKRJHQLFYDULDQWVLQWKHFDQGLGDWHJHQHV)LQDOO\GXHWRWKHODUJHQXPEHURIUDUH
PLVVHQVHYDULDQWVLQERWKFDVHVDQGFRQWUROVZHKDYHOLPLWHGSRZHUWRGLVFRYHUQHZJHQHVZLWK
DVWDWLVWLFDOO\VLJQLILFDQWH[FHVVRIPXWDWLRQVLQFDVHVYHUVXVFRQWUROV2QJRLQJZRUNWRLQFUHDVH
VDPSOHVL]HDQGH[DPLQHVXEMHFWVDWWKHH[WUHPHVRIWKHKHLJKWGLVWULEXWLRQZLOOSURYLGH
DGGLWLRQDOGDWDWRVXSSRUWQRYHOJHQHGLVFRYHU\ 
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 ,QFRQFOXVLRQZHSUHVHQWWKHLQLWLDOUHVXOWVRIDODUJHVFDOHFDQGLGDWHJHQHVHTXHQFLQJ
HIIRUWLQFKLOGUHQZLWKVKRUWVWDWXUHDQGGHPRQVWUDWHWKHFRPSOH[LW\RIGDWDLQWHUSUHWDWLRQRI
VXFKHIIRUWV7KUHHRIRXUVXEMHFWVZHUHIRXQGWRKDYHNQRZQSDWKRJHQLFYDULDQWVLQ
3731KLJKOLJKWLQJWKHSRVVLELOLW\WKDW1RRQDQV\QGURPHLVXQGHUGLDJQRVHGLQWKHFOLQLFDO
VHWWLQJ:HUHSRUWDQRYHOIUDPHVKLIWPXWDWLRQLQ,*)5DQGGHPRQVWUDWHLWVSDWKRJHQLFLW\LQ
YLYR$GGLWLRQDOO\ZHSURYLGHHYLGHQFHWKDWDSUHYLRXVO\UHSRUWHGYDULDQWLQ,*)5LVQRW
SDWKRJHQLF$QDO\VHVRIYDULDQWVLGHQWLILHGLQWKHRWKHUFDQGLGDWHJHQHVDUHFXUUHQWO\RQJRLQJ 
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&KDSWHU,9 
+HWHUR]\JRXVPXWDWLRQVLQQDWULXUHWLFSHSWLGHUHFHSWRU%135JHQHDVDFDXVHRIVKRUW
VWDWXUH 
6RSKLH5:DQJ&KULVWLQD0-DFREVHQ+HDWKHU&DUPLFKDHO$DURQ%(GPXQG-HULG
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
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1. *HQRPH,QVWLWXWHRI6LQJDSRUH6LQJDSRUH 
2. 'LYLVLRQRI(QGRFULQRORJ\%RVWRQ&KLOGUHQ¶V+RVSLWDO%RVWRQ0DVVDFKXVHWWV 
3. 2UWKRSDHGLF5HVHDUFK/DERUDWRULHV'HSDUWPHQWRI2UWKRSDHGLF6XUJHU\%RVWRQ&KLOGUHQ¶V
+RVSLWDO%RVWRQ0DVVDFKXVHWWV 
4. +DUYDUG0HGLFDO6FKRRO%RVWRQ0DVVDFKXVHWWV 
5. 'HSDUWPHQWRI%LRFKHPLVWU\0ROHFXODU%LRORJ\DQG%LRSK\VLFV8QLYHUVLW\RI0LQQHVRWD
0LQQHDSROLV0LQQHVRWD 
6. 'HSDUWPHQWRI3KDUPDFRORJ\8QLYHUVLW\RI0LQQHVRWD0LQQHDSROLV0LQQHVRWD 
7. 'LYLVLRQRI(QGRFULQRORJ\1HPRXUV&KLOGUHQ¶V&OLQLF-DFNVRQYLOOH)ORULGD 
8. 0DVVDFKXVHWWV&ROOHJHRI3KDUPDF\DQG+HDOWK6FLHQFHV%RVWRQ0DVVDFKXVHWWV 
9. ,QVWLWXWHRI0DWHUQDODQG&KLOG5HVHDUFK)DFXOW\RI0HGLFLQH8QLYHUVLW\RI&KLOH6DQWLDJR
&KLOH 
10. 'HSDUWPHQWRI*HQHWLFV+DUYDUG0HGLFDO6FKRRO%RVWRQ0DVVDFKXVHWWV 
11. +RZDUG+XJKHV0HGLFDO,QVWLWXWH%RVWRQ0DVVDFKXVHWWV 
12. 3URJUDPLQ0HGLFDODQG3RSXODWLRQ*HQHWLFV%URDG,QVWLWXWH&DPEULGJH0DVVDFKXVHWWV 
13. 'LYLVLRQRI(QGRFULQRORJ\&LQFLQQDWL&KLOGUHQ¶V+RVSLWDO0HGLFDO&HQWHU&LQFLQQDWL2+ 
7KHVHDXWKRUVFRQWULEXWHGHTXDOO\ 
 
7KLVLVWKHDFFHSWHGYHUVLRQRIWKHIROORZLQJDUWLFOH 
Wang SR, Jacobsen CM, Carmichael H, Edmund AB, Robinson JW, Olney RC, Miller 
TC, Moon JE, Mericq V, Potter LR, Warman ML, Hirschhorn JN, Dauber A. 
Heterozygous Mutations in Natriuretic Peptide Receptor-B (NPR2) Gene as a Cause of Short 
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7KLVKDVEHHQSXEOLVKHGLQILQDOIRUPDW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$EVWUDFW 
%DVHGRQWKHREVHUYDWLRQRIUHGXFHGVWDWXUHLQUHODWLYHVRISDWLHQWVZLWKDFURPHVRPHOLF
G\VSODVLD0DURWHDX[W\SH$0'0FDXVHGE\KRPR]\JRXVRUFRPSRXQGKHWHUR]\JRXV
PXWDWLRQVLQQDWULXUHWLFSHSWLGHUHFHSWRU%JHQH135LWKDVEHHQVXJJHVWHGWKDW
KHWHUR]\JRXVPXWDWLRQVLQWKLVJHQHFRXOGEHUHVSRQVLEOHIRUWKHJURZWKLPSDLUPHQWREVHUYHG
LQVRPHFDVHVRILGLRSDWKLFVKRUWVWDWXUH,66:HHQUROOHGXQUHODWHGSDWLHQWVZLWKVKRUW
VWDWXUHDQGFRQWUROVRIQRUPDOKHLJKWDQGLGHQWLILHGVHYHQKHWHUR]\JRXV135PLVVHQVHRU
VSOLFHVLWHPXWDWLRQVDOOLQWKHVKRUWVWDWXUHSDWLHQWVLQFOXGLQJRQHGHQRYRVSOLFHVLWHYDULDQW
7KUHHRIWKHVL[LQKHULWHGYDULDQWVVHJUHJDWHGZLWKVKRUWVWDWXUHLQWKHIDPLO\1LQHDGGLWLRQDO
UDUHQRQV\QRQ\PRXV135YDULDQWVZHUHIRXQGLQWKUHHDGGLWLRQDOFRKRUWV)XQFWLRQDOVWXGLHV
LGHQWLILHGHLJKWORVVRIIXQFWLRQPXWDWLRQVLQVKRUWLQGLYLGXDOVDQGRQHJDLQRIIXQFWLRQ
PXWDWLRQLQWDOOLQGLYLGXDOV:LWKWKHVHGDWDZHZHUHDEOHWRULJRURXVO\YHULI\WKDW135
IXQFWLRQDOKDSORLQVXIILFLHQF\FRQWULEXWHVWRVKRUWVWDWXUH:HHVWLPDWHDSUHYDOHQFHRI135
KDSORLQVXIILFLHQF\RIEHWZHHQDQGLQSHRSOHZLWKLGLRSDWKLFVKRUWVWDWXUH:HVXJJHVW
WKDW135JDLQRIIXQFWLRQPD\EHDPRUHFRPPRQFDXVHRIWDOOVWDWXUHWKDQSUHYLRXVO\
UHFRJQL]HG 
,QWURGXFWLRQ 
&W\SHQDWULXUHWLFSHSWLGH&13JHQHQDWULXUHWLFSHSWLGHSUHFXUVRU&133&20,0
LVDVPDOOVHFUHWHGSHSWLGHDQGDPHPEHURIWKHQDWULXUHWLFSHSWLGHIDPLO\&13ELQGV
WRDKRPRGLPHULFWUDQVPHPEUDQHUHFHSWRUQDPHGQDWULXUHWLFSHSWLGHUHFHSWRU%135%JHQH
13520,0ZKLFKIXQFWLRQVDVDJXDQ\O\OF\FODVHWRJHQHUDWHF*03LQ
FKRQGURF\WHVIHPDOHUHSURGXFWLYHRUJDQVDQGHQGRWKHOLDOFHOOV,QWKHJURZWKSODWH
FKRQGURF\WHVELQGLQJRI&13WR135%VWLPXODWHVFKRQGURF\WHGLIIHUHQWLDWLRQDQG
K\SHUWURSK\DVZHOODVLQFUHDVHVPDWUL[V\QWKHVLV7KLVRFFXUVLQSDUWWKURXJK135%VLJQDOLQJ
LQKLELWLQJ0$3NLQDVHVLJQDOLQJE\)*)5 
6HYHUDOOLQHVRIHYLGHQFHLQGLFDWHWKDW&13135%VLJQDOLQJLVDQLPSRUWDQWUHJXODWRURI
VNHOHWDOJURZWK&13RYHUH[SUHVVLQJPLFHH[KLELWH[FHVVLYHJURZWKZKLOHGHIHFWVRIWKH
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1SSFRU1SUJHQHOHDGWRLPSDLUPHQWRIVNHOHWDOGHYHORSPHQW,QKXPDQVELDOOHOLF
ORVVRIIXQFWLRQPXWDWLRQVLQ135FDXVHDFURPHVRPHOLFG\VSODVLD0DURWHDX[W\SH$0'0
20,07KLVDXWRVRPDOUHFHVVLYHVNHOHWDOG\VSODVLDLVFKDUDFWHUL]HGE\GZDUILVPDQG
VKRUWOLPEV2QWKHRWKHUKDQGRYHUSURGXFWLRQRI&13GXHWRDFKURPRVRPDO
WUDQVORFDWLRQKDVEHHQUHSRUWHGLQDVVRFLDWLRQZLWKDVNHOHWDOG\VSODVLDFKDUDFWHUL]HGE\WDOO
VWDWXUH,QDGGLWLRQJDLQRIIXQFWLRQPXWDWLRQVRI135KDYHEHHQLGHQWLILHGLQVHYHUDO
IDPLOLHVDQGDUHDVVRFLDWHGZLWKDQRYHUJURZWKGLVRUGHUZLWKRQO\PLOGVNHOHWDOIHDWXUHV
 
,QWHUHVWLQJO\LQWKHILUVWUHSRUWRIELDOOHOLF135PXWDWLRQVFDXVLQJ$0'0SDUHQWVRI
SDWLHQWVZLWK$0'0REOLJDWHKHWHUR]\JRWHVZHUHQRWHGWREHVKRUWHUWKDQH[SHFWHGIRUWKHLU
SRSXODWLRQRIRULJLQDOWKRXJKWKHVHLQGLYLGXDOVFDPHIURPDZLGHUDQJHRIJHRJUDSKLFDQG
HWKQLFEDFNJURXQGVZKLFKFRPSOLFDWHGWKHLQWHUSUHWDWLRQRIWKHVHILQGLQJV$QRWKHUVWXG\WKDW
HYDOXDWHGDVLQJOHIDPLO\ZLWKDQ$0'0SUREDQGVKRZHGWKDWWKHKHWHUR]\JRXVFDUULHUVKDGD
PHDQKHLJKW6'6ORZHUWKDQWKHLUQRQFDUULHUIDPLO\PHPEHUV,QWKLVVLQJOHIDPLO\
VWXG\WKHSUREDQG¶VSDUHQWVVKDUHDFRPPRQDQFHVWRUVRLWLVSRVVLEOHWKDWWKHKHWHUR]\JRXV
FDUULHUVVKDUHVRPHRWKHUPXWDWLRQFDXVLQJVKRUWVWDWXUHDQGWKHOHYHORIHYLGHQFHRID
KHWHUR]\JRXVHIIHFWZDVOLPLWHGE\WKHVL]HRIWKHIDPLO\%DVHGRQWKHVHWZRVWXGLHVLWLV
SUHVXPHGWKDWKHWHUR]\JRXV135ORVVRIIXQFWLRQPXWDWLRQVFDQPLOGO\LPSDLUORQJERQH
JURZWK,WKDVIXUWKHUEHHQK\SRWKHVL]HGWKDWRQHSHUVRQLQZLWKLGLRSDWKLFVKRUWVWDWXUH
,66ZLOOFDUU\D135PXWDWLRQ 
5HFHQWVWXGLHVVHDUFKHGIRUKHWHUR]\JRXV135PXWDWLRQVLQFRKRUWVZLWK,667DEOH
2QHVWXG\RILQGHSHQGHQW%UD]LOLDQSDWLHQWVLGHQWLILHGKHWHUR]\JRXV135PXWDWLRQVLQ
RISDWLHQWV$QRWKHUVWXG\RQXQUHODWHG-DSDQHVHSDWLHQWVZLWKVKRUWVWDWXUHLGHQWLILHG
KHWHUR]\JRXV135PXWDWLRQVLQRISDWLHQWV:KLOHSURYLGLQJREVHUYDWLRQDOGDWD
FRQVLVWHQWZLWKWKHK\SRWKHVLVWKDWDPRQRDOOHOLF135PXWDWLRQFRXOGFDXVHVKRUWVWDWXUH
WKHVHVWXGLHVGLGQRWLQFOXGHFRQWUROVZLWKRXWVKRUWVWDWXUHDQGZHUHEDVHGRQDUHODWLYHO\VPDOO
QXPEHURISDWLHQWV+HQFHWKHK\SRWKHVLVWKDW135KDSORLQVXIILFLHQF\OHDGVWRVKRUWVWDWXUH
KDVQRWEHHQULJRURXVO\YHULILHG$QDO\VHVRIODUJHUFRKRUWVLQFOXGLQJFRQWUROVDUHQHHGHGWR
PRUHFOHDUO\GHILQHWKHUROHRIKHWHUR]\JRXV135GHIHFWVLQSDWLHQWVZLWK,66 
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Table 4.1: Summary of recent studies searching for heterozygous NPR2 mutations in cohorts with ISS 
 
Cohort # of functional 
NPR2 
variants 
 
# of ISS 
individuals 
 
Fraction of ISS 
individuals with 
functional 
NPR2 variants 
 
Reference 
 
Brazilian 
patients with ISS 
3 47 6% (Vasques et al. 
2013) 
 
Japanese patients 
with short 
stature 
 
2 101 2% (Amano et al.) 
 
0DWHULDOVDQG0HWKRGV 
6KRUWVWDWXUHSDWLHQWFRKRUWDQG)UDPLQJKDP+HDUW6WXG\FRQWUROV 
SDWLHQWVZLWKVKRUWVWDWXUHKHLJKWPRUHWKDQ6'6EHORZWKHPHDQIRUDJHDQGVH[
EXWZLWKRXWGHILQHGHWLRORJ\ZHUHUHFUXLWHGIURPWKHHQGRFULQRORJ\DQGJHQHWLFVFOLQLFVDW
%RVWRQ&KLOGUHQ
V+RVSLWDOVXEMHFWVILWVWULFWFULWHULDIRU,66ZLWKQRHYLGHQFHRIJURZWK
KRUPRQHGHILFLHQF\VLJQLILFDQWPHGLFDOFRPRUELGLW\GHYHORSPHQWDOGHOD\RUVXVSHFWHG
V\QGURPLFFDXVHIRUWKHLUVKRUWVWDWXUH2IWKHVHSDWLHQWVKHLJKWGDWDZDVDYDLODEOHIRUERWK
SDUHQWVLQFDVHVRIWKHVHVXEMHFWVKDGDWOHDVWRQHSDUHQWZLWKDKHLJKWEHORZ
6'6DQGZHUHGHILQHGDVKDYLQJIDPLOLDO,66,QDGGLWLRQFRQWUROVXEMHFWVZHUHFKRVHQ
IURPWKHPLGGOHRIWKH)UDPLQJKDP+HDUW6WXG\)+6KHLJKWGLVWULEXWLRQKHLJKW]VFRUHV
EHWZHHQíDQG0RUHGHWDLOHGGHVFULSWLRQRIWKHFRKRUWLVUHSRUWHGLQ:DQJHWDO 
6HFRQGVKRUWVWDWXUHSDWLHQWFRKRUW 
SDWLHQWVZHUHWDNHQIURPWKH*HQHWLFVDQG1HXURHQGRFULQRORJ\RI6KRUW6WDWXUH
,QWHUQDWLRQDO6WXG\*H1H6,6VSRQVRUHGE\(OL/LOO\DQG&RPSDQ\DQGYDULRXVSHGLDWULF
HQGRFULQRORJ\FOLQLFVLQ-DFNVRQYLOOH)/DQG6DQWLDJR&KLOL3DWLHQWVZHUHGLDJQRVHGE\WKH
WUHDWLQJSURYLGHUZLWKLGLRSDWKLFVKRUWVWDWXUHDQGKDGKHLJKW6'6EHORZWKHPHDQIRUDJH
DQGVH[ 
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),15,6.KHLJKWH[WUHPHFRKRUW 
VXEMHFWVZHUHFKRVHQIURPWKHH[WUHPHVVWSHUFHQWLOHRU!WKSHUFHQWLOHRIWKH
),15,6.VXUYH\V),15,6.),15,6.),15,6.),15,6.KHLJKW
GLVWULEXWLRQ7KH),15,6.FRKRUWVFRPSULVHWKHUHVSRQGHQWVRIUHSUHVHQWDWLYHFURVVVHFWLRQDO
SRSXODWLRQVXUYH\VWKDWDUHFDUULHGRXWHYHU\\HDUVVLQFHWRDVVHVVWKHULVNIDFWRUVRI
FKURQLFGLVHDVHVDQGKHDOWKEHKDYLRULQWKHZRUNLQJDJHSRSXODWLRQLQILYHODUJHVWXG\DUHDVRI
)LQODQG 
(VWRQLDQ%LREDQNKHLJKWH[WUHPHFRKRUW 
VXEMHFWVZHUHVHOHFWHGIURPWKHH[WUHPHVWKSHUFHQWLOHRU!WKSHUFHQWLOH
RIWKH(VWRQLDQ%LREDQNKHLJKWGLVWULEXWLRQ7KH(VWRQLDQ%LREDQNFRKRUWLVDYROXQWHHUEDVHG
VDPSOHRIWKH(VWRQLDQUHVLGHQWDGXOWSRSXODWLRQDJH\HDUV7KHDJHVH[DQG
JHRJUDSKLFDOGLVWULEXWLRQFORVHO\UHIOHFWWKRVHRIWKH(VWRQLDQDGXOWSRSXODWLRQDQGHQFRPSDVV
FORVHWRRIWKHHQWLUHDGXOWSRSXODWLRQRI(VWRQLD 
3RROHGVHTXHQFLQJSURWRFRO 
)RUWKHILUVWVKRUWVWDWXUHFRKRUWDQGWKH),15,6.DQG(VWRQLDQFRKRUWV'1$VDPSOHV
IURPPXOWLSOHVXEMHFWVZHUHSRROHGIRU'1$VHTXHQFLQJXVLQJSUHYLRXVO\GHVFULEHGPHWKRGV
DYDLODEOHDWWKH%URDG,QVWLWXWH7RLGHQWLI\YDULDQWVSUHVHQWRQO\LQDVLQJOHLQGLYLGXDO
KHUHDIWHUUHIHUUHGWRDVVLQJOHWRQYDULDQWVZHDSSOLHGDVLPSOHRYHUODSSLQJSRROLQJGHVLJQDV
GHVFULEHGLQ:DQJHWDO 
6HTXHQFLQJZDVSHUIRUPHGRQWKH,OOXPLQD+L6HTSODWIRUP9DULDQWFDOOLQJZDV
SHUIRUPHGXVLQJDOLNHOLKRRGEDVHGFDOOLQJVWUDWHJ\ZHGHYHORSHGDVGHVFULEHGSUHYLRXVO\
9DULDQWVZHUHDQQRWDWHGIRUIXQFWLRQDOHIIHFWXVLQJ6QS(IIKWWSVQSHIIVRXUFHIRUJHQHW
7KHUHIHUHQFHVHTXHQFHXVHGIRUQXPEHULQJQXFOHRWLGHFKDQJHDQGDPLQRDFLGFKDQJHZDV
10BDQG(1631XFOHRWLGHQXPEHULQJXVHVDVWKH$RIWKH$7*
WUDQVODWLRQLQLWLDWLRQFRGRQLQWKHUHIHUHQFHVHTXHQFHZLWKWKHLQLWLDWLRQFRGRQDVFRGRQ
9DULDQWDOOHOHIUHTXHQF\GDWDZDVREWDLQHGIURPWZRSXEOLFO\DYDLODEOHGDWDEDVHV
,QWHJUDWHGYDULDQWFDOOVHWRI*HQRPHVVDPSOHV0D\UHOHDVH1DWLRQDO
+HDUW/XQJDQG%ORRG,QVWLWXWH([RPH9DULDQW6HUYHU1DWLRQDO+HDUW/XQJ0D[LPDODOOHOH
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IUHTXHQF\IURPWKHWZRVRXUFHVZDVXVHG1RYHOYDULDQWVDUHWKRVHQRWREVHUYHGLQHLWKHURI
WKHVHGDWDEDVHV&RQILUPDWLRQRIYDULDQWVIRXQGLQ135WKURXJKSRROHGVHTXHQFLQJZDVGRQH
YLD6DQJHUVHTXHQFLQJRU6HTXHQRP0DVV$UUD\JHQRW\SLQJ(DFKYDULDQWZDVVHTXHQFHGLQWKH
SUREDQGDQGLQDOOUHODWHGIDPLO\PHPEHUVIRUZKRP'1$VDPSOHVZHUHSURYLGHG6DQJHU
VHTXHQFLQJRI135ZDVSHUIRUPHGLQWKHVHFRQGVKRUWVWDWXUHFRKRUW 
,QVLOLFRSUHGLFWLRQRIPXWDWLRQHIIHFWV 
7RLGHQWLI\WKHSRWHQWLDOHIIHFWVRIVHTXHQFHYDULDQWVLGHQWLILHGLQ135RQSURWHLQ
IXQFWLRQRUVWUXFWXUHWKHZLOGW\SHDQGYDULDQWVHTXHQFHVZHUHDVVHVVHGXVLQJ3RO\3KHQ
VRIWZDUHYHUVLRQKWWSJHQHWLFVEZKKDUYDUGHGXSSK7KHRSWLRQVXVHGZHUH
&ODVVLILHUPRGHO>+XP'LY@*HQRPHDVHHPEO\>*5&KKJ@7UDQVFULSWV>&&'6@
$QQRWDWLRQV>$OO@ 
$VVD\LQJZLOGW\SHDQGPXWDQW135DFWLYLW\ 
0LVVHQVHPXWDWLRQVLQ135ZHUHJHQHUDWHGE\VLWHGLUHFWHGPXWDJHQHVLVNLW$JLOHQW
7HFKQRORJLHVXVLQJWKHZLOGW\SHUDW135H[SUHVVLRQFRQVWUXFWS5.135%$FWLYLW\LQ
+(.7FHOOVZDVPHDVXUHGE\DWOHDVWRQHRIWZRDVVD\VRQHRQZKROHFHOOO\VDWHDQG
DQRWKHUHQ]\PHEDVHGDVVD\GRQHRQPHPEUDQHIUDFWLRQVRIWUDQVIHFWHGFHOOVDVGHVFULEHG
HOVHZKHUH9DULDQWVVKRZLQJORVVRIDFWLYLW\LQYLWURLQHLWKHUDVVD\ZHUHFKDUDFWHUL]HG
DVORVVRIIXQFWLRQ9DULDQWVVKRZLQJQRUPDOLQYLWURDFWLYLW\LQWKHZKROHFHOOO\VDWHDVVD\
ZHUHWHVWHGLQWKHPRUHVHQVLWLYHHQ]\PHEDVHGDVVD\9DULDQWVVKRZLQJFOHDULQFUHDVHVLQ
DFWLYLW\LQERWKDVVD\VZHUHFKDUDFWHUL]HGDVJDLQRIIXQFWLRQ 
5HVXOWV 
'LVFRYHU\RI135YDULDQWVLQSDWLHQWVZLWKVKRUWVWDWXUHDQGFRQWUROVXVLQJSRROHG
VHTXHQFLQJ 
:HVHOHFWHGSDWLHQWVZLWKVKRUWVWDWXUHPRUHWKDQ6'6EHORZWKHPHDQIRUDJHDQG
VH[DQGFRQWUROVRIPDWFKLQJDQFHVWU\IURPWKHPLGGOHRIWKH)UDPLQJKDP+HDUW6WXG\
KHLJKWGLVWULEXWLRQKHLJKW]VFRUHVEHWZHHQDQG&KDUDFWHULVWLFVRIWKHVXEMHFWVZHUH
GHVFULEHGSUHYLRXVO\VXEMHFWVILWVWULFWFULWHULDIRU,66ZLWKQRHYLGHQFHRIJURZWK
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KRUPRQHGHILFLHQF\VLJQLILFDQWPHGLFDOFRPRUELGLW\GHYHORSPHQWDOGHOD\RUVXVSHFWHG
V\QGURPLFFDXVHIRUWKHLUVKRUWVWDWXUH3RROHGWDUJHWHGVHTXHQFLQJRIWKHH[RQVRI
FDQGLGDWHJHQHVZDVSHUIRUPHG:HGHWHFWHGYDULDQWVLQ1352IWKHVHWZRZHUH
V\QRQ\PRXV613VIRXQGLQPXOWLSOHSDWLHQWVDQGFRQWUROVDQGWZRZHUHV\QRQ\PRXVYDULDQWV
IRXQGRQO\LQSDWLHQWV:HIRFXVHGRQWKHVHYHQSRWHQWLDOORVVRIIXQFWLRQYDULDQWVZKLFK
LQFOXGHGRQHVSOLFHVLWHDQGVL[PLVVHQVHYDULDQWVDOOIRXQGLQSDWLHQWVRQO\7DEOH7KHVH
VHYHQYDULDQWVZHUHDOOYDOLGDWHGYLDWUDGLWLRQDO6DQJHUVHTXHQFLQJDQGFRQILUPHGWREH
KHWHUR]\JRXVLQHDFKLQGLYLGXDOFDUULHU 
)DPLO\DQDO\VHVDQGFOLQLFDOSKHQRW\SHV 
7KHVSOLFHVLWHPXWDWLRQLVF*!$LQDKLJKO\FRQVHUYHGEDVHSDLULQWKHDFFHSWRU
VSOLFHVLWHDWWKH¶HQGRIH[RQFDUULHGLQDVLQJOHSDWLHQW3DWLHQW7DEOH6DQJHU
VHTXHQFLQJRIWKHSUREDQGKLVSDUHQWVDQGDEURWKHUFRQILUPHGWKDWWKHYDULDQWLVIRXQGLQWKH
SDWLHQWEXWQRWLQKLVPRWKHUIDWKHURUEURWKHU7KHVHUHVXOWVZHUHFRQILUPHGE\DVHFRQGURXQG
RIVHTXHQFLQJDQGSDWHUQLW\ZDVFRQILUPHGE\613JHQRW\SLQJ7KHUHZDVQRIDPLO\KLVWRU\RI
VKRUWVWDWXUH)LJXUHFRQVLVWHQWZLWKWKHK\SRWKHVLVWKDWWKHGHQRYRYDULDQWLQ135LV
FRQWULEXWLQJWRVKRUWVWDWXUHLQWKLVSDWLHQW
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7DEOH135 SRWHQWLDOO\QRQV\QRQ\PRXVYDULDQWVLQVKRUWVWDWXUHSDWLHQWV 
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)LJXUH1XPEHUVEHORZWKHLQGLYLGXDOVGHQRWHWKHKHLJKW]VFRUHVLQGLFDWHVIDPLO\PHPEHUVZKRDOVRFDUU\
WKH7539PXWDWLRQFDXVDORIEUDFK\ROPLDALQGLFDWHVWKDWWKLVIDPLO\PHPEHUZDVWUHDWHGZLWKJURZWKKRUPRQH
WKHUDS\SULRUWRWKLVKHLJKWPHDVXUHPHQWDQGKDGDQDGLUKHLJKWRI6'6LQGLFDWHVWKDWWKHKHLJKWZDV
HVWLPDWHGE\DIDPLO\PHPEHU$OORWKHUYDOXHVZHUHPHDVXUHG,QGLYLGXDOVZLWKVKRUWVWDWXUHDUHLQGLFDWHGDV
EODFNFLUFOHVIHPDOHVRUVTXDUHVPDOHV7KHDUURZSRLQWVWRWKHDIIHFWHGSUREDQGLQHDFKIDPLO\ 
 
:HDOVRGHWHFWHGVL[PLVVHQVHYDULDQWVLQ135RIWKHVHIRXUZHUHSULYDWHYDULDQWVQRW
IRXQGLQWKHSXEOLFGDWDEDVHV3DWLHQWV7DEOH6HTXHQFLQJRIUHODWLYHVGHPRQVWUDWHG
WKDWWKUHHRIWKHVHQRYHOYDULDQWVVHJUHJDWHGZLWKWKHVKRUWVWDWXUHSKHQRW\SH3DWLHQWV
)LJXUH7KHPRWKHURI3DWLHQWZKRGLGQRWKDYHVKRUWVWDWXUHGLGQRWFDUU\WKH135
YDULDQWEXWWKHIDWKHU¶V'1$ZDVQRWDYDLODEOHWRIXUWKHUFRQILUPWKHVHJUHJDWLRQ2IQRWHRQH
RIWKHWKUHHVHJUHJDWLQJYDULDQWV3DWLHQWZDVIRXQGLQDPDOHSDWLHQWZKRZDVDOVRIRXQGWR
FDUU\DNQRZQ7539PXWDWLRQF*!$S9,SUHYLRXVO\UHSRUWHGDVFDXVDOIRU
EUDFK\ROPLDW\SH7KHSDWLHQWFDUULHVDFOLQLFDOGLDJQRVLVRIEUDFK\ROPLDDQGIHDWXUHV
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FRQVLVWHQWZLWKWKLVGLVHDVHLQFOXGLQJSODW\VSRQG\O\RIWKHFHUYLFDOVSLQH:HSUHYLRXVO\
UHSRUWHGWKHSUHVHQFHRIWKLVOLNHO\SDWKRJHQLFYDULDQWLQWKLVSDWLHQW7KH135YDULDQW
ZDVSUHVHQWLQWKHSDWLHQW¶VPRWKHUZKRGRHVQRWFDUU\WKH7539YDULDQWDQGLQWZRVLVWHUV
WKHHOGHURIZKLFKDOVRFDUULHVWKH7539YDULDQW7KHPRWKHUDQGERWKVLVWHUVKDGVKRUWVWDWXUH
ZLWKKHLJKW6'6VFRUHVEHORZDQGWKHVLVWHUFDUU\LQJERWKYDULDQWVKDGDKHLJKW6'6VFRUH
RI1RWDEO\WKHSDWLHQW¶VIDWKHULVGHFHDVHGEXWDOVRZDVUHSRUWHGWRKDYHKDGVKRUWVWDWXUH
6'6DQGSUHVXPDEO\FDUULHGWKH7539YDULDQW7KXVWKLVSDWLHQWDQGRQHRIKLVVLVWHUV
LQKHULWHGWKH135YDULDQWIURPKLVPRWKHUDQGWKH7539YDULDQWIURPKLVIDWKHUSUHVXPDEO\
UHVXOWLQJLQVHYHUHVKRUWVWDWXUHZLWKVNHOHWDOG\VSODVLD 
:HDOVRGHWHFWHGWZRUDUHPLVVHQVHYDULDQWVSUHVHQWLQWKHSXEOLFGDWDEDVHV3DWLHQWV
1HLWKHURIWKHVHYDULDQWVKDVEHHQUHSRUWHGWREHSDWKRJHQLFDQGERWKDUHUHSRUWHGWREH
UHODWLYHO\UDUHPLQRUDOOHOHIUHTXHQF\DQG7KHPRWKHURI3DWLHQWZKRDOVR
KDGVKRUWVWDWXUHGLGQRWFDUU\WKH135YDULDQWEXW'1$ZDVQRWDYDLODEOHIURPWKHVLEOLQJ
RUIDWKHUIRUIXUWKHUVHJUHJDWLRQDQDO\VLV3DWLHQWZDVDGRSWHGIURP&KLQDVRWKHIDPLO\
KLVWRU\RIVKRUWVWDWXUHZDVXQNQRZQDQGWHVWLQJIRUVHJUHJDWLRQRIWKHYDULDQWZDVQRWSRVVLEOH 
'LVFRYHU\RI135YDULDQWVLQRQHDGGLWLRQDOFOLQLFDOVKRUWVWDWXUHFRKRUW 
7RIXUWKHUUHILQHWKHHVWLPDWHRIWKHIUDFWLRQRI,66LQGLYLGXDOVZLWKIXQFWLRQDO135
YDULDQWVZHVFUHHQHGIRUUDUHQRQV\QRQ\PRXV135YDULDQWVLQDVHFRQGVKRUWVWDWXUHFRKRUW
Q IURPWKH/LOO\*H1H6,66WXG\DQGDQXPEHURISHGLDWULFHQGRFULQRORJ\FOLQLFV
3DWLHQWVZHUHGLDJQRVHGE\WKHWUHDWLQJSURYLGHUZLWK,66DQGKDGKHLJKWPRUHWKDQ6'6
EHORZWKHPHDQIRUDJH7KHH[RQVDQGLQWURQH[RQERXQGDULHVRIWKH135JHQHZHUH
VHTXHQFHGXVLQJ6DQJHUVHTXHQFLQJ 
)RXUQRQV\QRQ\PRXVYDULDQWVLQWKHFRGLQJUHJLRQZHUHLGHQWLILHGRQHQRQVHQVHDQG
WKUHHPLVVHQVHYDULDQWV7DEOH2QHRIWKHPLVVHQVHYDULDQWVUVF*!&
S53ZDVVHHQLQWKUHHVHSDUDWHSDWLHQWV$QLQVLOLFRDQDO\VLVVXJJHVWHGWKDWRQHYDULDQW
F*!7S$6LVEHQLJQDQGWKHRWKHUWZRUVF*!&S53DQG
UVF*!$S5+DUHSUREDEO\GDPDJLQJ 
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6FUHHQLQJIRU135PXWDWLRQVLQSRSXODWLRQEDVHGFRKRUWVRILQGLYLGXDOVIURPWKHH[WUHPHV
RIWKHKHLJKWGLVWULEXWLRQ 
:HWKHQZHQWRQWRVFUHHQIRUUDUHQRQV\QRQ\PRXV135YDULDQWVLQWZRDGGLWLRQDO
FRKRUWV7KHILUVWFRKRUWRILQGLYLGXDOVQ ZDVVHOHFWHGIURPWKHH[WUHPHVVWSHUFHQWLOH
RU!WKSHUFHQWLOHRIKHLJKWGLVWULEXWLRQIURPIRXU),15,6.VXUYH\VaVDPSOHVLQ
WRWDO3RROHGWDUJHWHGVHTXHQFLQJRIWKHH[RQVRIFDQGLGDWHJHQHVZDVSHUIRUPHG:H
GHWHFWHGWKUHHYDULDQWVLQ1352IWKHVHYDULDQWVRQHZDVDFRPPRQV\QRQ\PRXV613
REVHUYHGLQWKHVKRUWVWDWXUHSDWLHQWVDQG)+6FRQWUROVDVZHOOZKLFKZHGLGQRWSXUVXH
IXUWKHU7KHRWKHUWZRZHUHPLVVHQVHYDULDQWVZKLFKZHYDOLGDWHGE\JHQRW\SLQJDQG
FRQILUPHGWREHKHWHUR]\JRXVLQWDOOH[WUHPHVRQO\7DEOH1HLWKHUYDULDQWZDVIRXQGLQWKH
SXEOLFGDWDEDVHV$QLQVLOLFRDQDO\VLVVXJJHVWHGWKDWRQHPXWDWLRQLVEHQLJQF$!*
S1'DQGWKHRWKHULVSUREDEO\GDPDJLQJF*!$S54 
7DEOH135SRWHQWLDOO\QRQV\QRQ\PRXVYDULDQWVLQ),15,6.DQG(VWRQLDQ%LREDQNKHLJKWH[WUHPH
VDPSOHV 
 
9DULDQW 2EVHUYDWLRQ 0LQRU
$OOHOH
)UHTXHQF\ 
3RO\3KHQ
3UHGLFWLRQ 
F$!*S1' ),15,6.WDOOH[WUHPH 
DOVRREVHUYHGLQ(VWRQLDQWDOOH[WUHPH
DQGVKRUWH[WUHPH 
1RYHO  
F*!$S54 ),15,6.WDOOH[WUHPH 1RYHO  
F*!$S(. (VWRQLDQVKRUWH[WUHPH 1RYHO  
F*!$S*5 (VWRQLDQVKRUWH[WUHPH 1RYHO  
F&!$S7. (VWRQLDQVKRUWH[WUHPH 1RYHO  
 
7KHVHFRQGFRKRUWRILQGLYLGXDOVQ ZDVWDNHQIURPWKHH[WUHPHVWK
SHUFHQWLOHRU!WKSHUFHQWLOHRIKHLJKWGLVWULEXWLRQIURPWKH(VWRQLDQ%LREDQNa
VDPSOHVLQWRWDO3RROHGWDUJHWHGVHTXHQFLQJRIWKHH[RQVRIIRXUFDQGLGDWHJHQHVZDV
SHUIRUPHG$VEHIRUHZHGLGQRWDWWHPSWWRYDOLGDWHRUIXUWKHUHYDOXDWHWKHSRWHQWLDO
V\QRQ\PRXVRULQWURQLFYDULDQWV2QHPLVVHQVHYDULDQWF$!*S1'SUHYLRXVO\
LGHQWLILHGLQRQH),15,6.WDOOH[WUHPHVDPSOHZDVREVHUYHGLQERWKWDOOH[WUHPHDQGVKRUW
H[WUHPHVDPSOHV7KHUHPDLQLQJWKUHHPLVVHQVHYDULDQWV7DEOHZHUHHDFKIRXQGLQVLQJOH
VKRUWLQGLYLGXDOV7KHVHDOOHOLFYDULDQWVZHUHQRWIRXQGLQWKHSXEOLFGDWDEDVHV$QLQVLOLFR
62 
 
DQDO\VLVVXJJHVWHGWKDWWKHWKUHHPLVVHQVHPXWDWLRQVDUHSRVVLEO\GDPDJLQJF*!$
S(.EHQLJQF*!$S*5DQGSUREDEO\GDPDJLQJF&!$S7.
UHVSHFWLYHO\ 
)XQFWLRQDOFKDUDFWHUL]DWLRQRI135YDULDQWV 
2YHUDOODFURVVIRXUFRKRUWVZHREVHUYHGDQGYDOLGDWHG135QRQV\QRQ\PRXV
YDULDQWVPLVVHQVHQRQVHQVHDQGVSOLFHVLWHLQVKRUWVWDWXUHVDPSOHVLQDWDOO
H[WUHPHVDPSOHZKLFKZDVSUHVHQWLQERWKVKRUWDQGWDOOH[WUHPHVDPSOHVDQGQRQHLQ
QRUPDOKHLJKWFRQWUROV7DEOH7RIXUWKHUH[DPLQHWKHIXQFWLRQDOFRQVHTXHQFHVRIWKH
LGHQWLILHG135QRQ\VQRQ\PRXVYDULDQWVZHDVVHVVHGWKH&13GHSHQGHQWF*03SURGXFLQJ
FDSDFLWLHVRIWKHPLVVHQVHYDULDQWVE\WUDQVIHFWLQJ+(.7FHOOVZKLFKGRQRWQRUPDOO\
H[SUHVV135XVLQJDWOHDVWRQHRIWZRPHWKRGV5HODWLYHJXDQ\O\OF\FODVHDFWLYLWLHV6'6
RIWKHVHYDULDQWVFRPSDUHGZLWKZLOGW\SHDUHOLVWHGLQ7DEOH7KHZKROHFHOOO\VDWHPHWKRG
ZDVOHVVVHQVLWLYHDWGHWHFWLQJSDUWLDOORVVRIIXQFWLRQPXWDWLRQV7KHGHQRYRVSOLFHYDULDQW
F*!$DQGWKHQRQVHQVHYDULDQWF$!7S.ZHUHQRWWHVWHGDQGDUH
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7DEOH2EVHUYDWLRQRI135QRQV\QRQ\PRXVYDULDQWVLQIRXUFRKRUWV 
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H[WUHPHV 
YDULDQWVLQWDOOH[WUHPHV 
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To characterize the variants as likely nonpathogenic, variants of unknown significance, 
and likely pathogenic, we considered both the functional results and the pattern of segregation 
in the families, where available. For the six missense variants identified in the first short stature 
patient cohort, three of them segregate with short stature (Patient 2-4). For the variants in 
Patient 2-4, we observed decreased functional activity in at least one of the assays, strongly 
suggesting that these are pathogenic variants. The variant from patient 4 also showed decreased 
expression by Western blot. For the variant in Patient 5, the segregation is unknown and the 
functional data are negative. The variant in Patient 7, a known rare population variant, also had 
unchanged functional activity. We conclude that these two variants are unlikely to be 
pathogenic. The variant in Patient 6, which showed a slight increase in activity in the whole cell 
lysate assay and decreased activity in the enzyme based assay, was characterized as variant of 
unknown significance. Interestingly, three of the pathogenic variants were found amongst the 
22 cases of familial ISS thus providing a diagnostic yield of 13.6%. However, only a single 
pathogenic variant, the de novo variant, was found amongst the 77 cases of non-familial ISS 
leading to a much lower diagnostic yield of 1.3%. 
One of three missense variants in the second clinical short stature cohort (rs114115939: 
c.1517G>A (p.R506H)) decreased NPR-B activity likely secondary to decreased expression of 
the mutated receptor as seen on Western blot. Two out of three missense variants in the 
Estonian short extremes decreased NPR-B activity (c.2449G>A (p.E817K) and c.1982C>A 
(p.T661K)). Interestingly, one of two missense variants identified in FINRISK tall extremes 
showed increased NPR-B activity in both assays (c.1685G>A (p.R562Q)), strongly suggesting 
WKLVLVDJDLQRIIXQFWLRQYDULDQWFRQWULEXWLQJWRWKHLQGLYLGXDOV¶WDOOVWDWXUH7KHVHFRQGYDULDQW
which showed increased NPR-B activity only in the whole cell lysate assay, was also observed 
in Estonian short extreme samples, making it even less likely to be pathogenic. 
 
9HULI\LQJWKHUROHRIKHWHUR]\JRXVIXQFWLRQDO135YDULDQWVLQ,66LQGLYLGXDOV 
7RWHVWIRUPDOO\ZKHWKHUWKHUHDUHPRUHORVVRIIXQFWLRQ135YDULDQWVLQVKRUWVWDWXUH
LQGLYLGXDOVWKDQLQFRQWUROVZLWKRXWVKRUWVWDWXUHZHFRPELQHGREVHUYDWLRQVIURPWKHWKUHH
FRKRUWVWKDWKDYHFRQWUROVDPSOHVLQRWKHUZRUGVH[FOXGLQJWKHVHFRQGFOLQLFDOVKRUWVWDWXUH
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FRKRUWFRQVLGHULQJYDOLGDWHGYDULDQWVVHHQHLWKHURQO\LQFDVHVRURQO\LQFRQWUROV,QWRWDO
WKHUHDUHVL[OLNHO\ORVVRIIXQFWLRQPXWDWLRQVILYHPLVVHQVHDQGRQHVSOLFHVLWHEDVHGRQ
VHJUHJDWLRQDQGIXQFWLRQDOHYLGHQFHDOOREVHUYHGLQVKRUWVDPSOHVDQGRQHJDLQRIIXQFWLRQ
PXWDWLRQLQWDOOVDPSOHV$VVXPLQJWKDWDOOYDULDQWVDUHHTXDOO\OLNHO\WRRFFXULQVKRUWVWDWXUH
VDPSOHVDQGWDOOH[WUHPHVDPSOHVRUFRQWUROVDPSOHVRIQRUPDOKHLJKWXQGHUWKHQXOO
K\SRWKHVLVWKLVREVHUYDWLRQJLYHVDSYDOXHRIRQHWDLOHGWHVWSYDOXHLVWKHSUREDELOLW\
RIWKHREVHUYHGRXWFRPHLHSOXVDQGDOOPRUHH[WUHPH7KHHVWLPDWHGSUHYDOHQFHRI
ORVVRIIXQFWLRQ135YDULDQWVLQ,66LQGLYLGXDOVUDQJHGIURPWRDQGQRYDULDQWVZHUH
REVHUYHGLQWKHFRKRUWRIVKRUWLQGLYLGXDOVIURP)LQODQG7DEOH 
7DEOH)UDFWLRQRI,66LQGLYLGXDOVZLWKFOHDUO\IXQFWLRQDO135YDULDQWV 
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'LVFXVVLRQ 
7RH[SORUHWKHUROHRI135YDULDWLRQLQVKRUWVWDWXUHZHVFUHHQHGIRUQRQV\QRQ\PRXV
135YDULDQWVLQIRXUGLIIHUHQWFRKRUWV7DEOH)DPLOLDOVHJUHJDWLRQDQDO\VHVLQWKHVKRUW
VWDWXUHSDWLHQWFRKRUWVXSSRUWHGWKHK\SRWKHVLVWKDWUDUHKHWHUR]\JRXV135ORVVRIIXQFWLRQ
YDULDQWVFRQWULEXWHVWURQJO\WRVKRUWVWDWXUHLQLQGLYLGXDOVFDUU\LQJWKHVHYDULDQWV:HDOVR
LGHQWLILHGUDUHQRQV\QRQ\PRXV135YDULDQWVLQWKUHHDGGLWLRQDOFRKRUWVZKHUHIDPLO\GDWD
DUHQRWDYDLODEOH)XQFWLRQDOVWXGLHVRIWKH135PLVVHQVHYDULDQWVLGHQWLILHGHLJKWORVVRI
IXQFWLRQPXWDWLRQVLQVKRUWVWDWXUHVDPSOHVDQGRQHJDLQRIIXQFWLRQPXWDWLRQLQWDOOVWDWXUH
VDPSOHV7KHIUHTXHQFLHVRIKHWHUR]\JRXVPXWDWLRQFDUULHUVLQ,66LQGLYLGXDOVYDULHGDFURVV
FRKRUWVIURPWRDQGQRYDULDQWVZHUHREVHUYHGLQWKHVKRUWLQGLYLGXDOVIURP)LQODQG
7KLVYDULDELOLW\PD\EHGXHWRGLIIHUHQWDQFHVWULHVYDULDEOHVDPSOHVHOHFWLRQFULWHULDDQG
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VWDWLVWLFDOIOXFWXDWLRQ2IQRWHIRUWKHVHFRQGVKRUWVWDWXUHFRKRUWFRYHUDJHZDVQRWIRU
RXWRIH[RQVDQGH[RQZDVQRWHYDOXDWHG7KLVFDQUHGXFHWKHREVHUYHGIUHTXHQF\RI
DOOHOLFYDULDQWVIRXQGLQWKLVJURXSRISDWLHQWV 
,QFRQWUDVWZLWKKRPR]\JRXVPXWDWLRQVLQ135ZKLFKSURGXFHVDVHYHUHVKRUWVWDWXUH
DQGERG\GLVSURSRUWLRQKHWHUR]\JRXVPXWDWLRQVLQ135VHHPWREHDVVRFLDWHGZLWKPLOGDQG
YDULDEOHJURZWKLPSDLUPHQWZLWKRXWDGLVWLQFWVNHOHWDOSKHQRW\SH,QRXUVWXGLHVWKHVHYHULW\RI
VKRUWVWDWXUHERG\SURSRUWLRQVDQGSUHVHQFHRIQRQVSHFLILFVNHOHWDODEQRUPDOLWLHVYDULHG
DFURVVLQGLYLGXDOVFRQVLVWHQWZLWKSUHYLRXVREVHUYDWLRQV7KLVYDULDELOLW\LVOLNHO\GXH
WRGLIIHUHQFHVLQWKHQDWXUHRI135PXWDWLRQVFDUULHGE\WKHLQGLYLGXDOVDVZHOODVYDULDEOH
H[SUHVVLYLW\'DWDZDVDYDLODEOHRQJURZWKKRUPRQHUHVSRQVHLQWKUHHRIRXUSDWLHQWVZLWK
SDWKRJHQLF135YDULDQWVDQGUHVSRQVHZDVTXLWHYDULDEOH 
3UHYLRXVO\DVWXG\RI%UD]LOLDQSDWLHQWVLGHQWLILHGKHWHUR]\JRXV135PXWDWLRQVLQ
RISDWLHQWVZKLOHDQRWKHUVWXG\RQVKRUWVWDWXUH-DSDQHVHSDWLHQWVLGHQWLILHG
PXWDWLRQVLQRISDWLHQWV)XQFWLRQDODQDO\VHVZHUHSHUIRUPHGLQERWKVWXGLHVWRHYDOXDWH
WKHSDWKRJHQLFLW\DQGHOXFLGDWHWKHPROHFXODUPHFKDQLVPVRIWKHLGHQWLILHGPXWDWLRQV
+RZHYHUERWKVWXGLHVLQFOXGHGVPDOOQXPEHUVRISDWLHQWVDQGODFNHGWKHFRQWUROVQHHGHGWR
IRUPDOO\VKRZDQHQULFKPHQWRIORVVRIIXQFWLRQYDULDQWVLQ,66SDWLHQWV2XUVWXG\LQFOXGLQJ
PXFKODUJHUFRKRUWVFRQWUROVIDPLO\GDWDDQGIXQFWLRQDODQDO\VHVLVDPRUHFRPSUHKHQVLYH
DVVHVVPHQWRIKHWHUR]\JRXVPXWDWLRQVLQ135DVDSRWHQWLDOFDXVHRIJURZWKLPSDLUPHQWLQ
,66SDWLHQWV 
2XUVWXG\GRHVVKRZWKDWGLIIHUHQWPHWKRGVRIDQDO\]LQJWKHIXQFWLRQRI135YDULDQWV
FDQSURGXFHGLIIHUHQWUHVXOWV7KHZKROHFHOOO\VDWHPHWKRGXQGHUWKHFRQGLWLRQVVSHFLILHGLV
OHVVVHQVLWLYHDWGHWHFWLQJSDUWLDOORVVRIIXQFWLRQPXWDWLRQVFRPSDUHGWRDPRUHULJRURXV
HQ]\PHEDVHGDVVD\FRQGXFWHGRQPHPEUDQHIUDFWLRQVRIWUDQVIHFWHGFHOOVXVLQJNQRZQ
FRQFHQWUDWLRQVRIVXEVWUDWH+RZHYHUWKHHQ]\PHEDVHGDVVD\LVSHUIRUPHGLQFUXGH
PHPEUDQHVIURPEURNHQFHOOSUHSDUDWLRQVDQGFDQQRWHYDOXDWHWKHDELOLW\RIWKHPXWDWLRQVWR
DIIHFWWKHFRQFHQWUDWLRQVRIWKHUHFHSWRUVWKDWDUHSURSHUO\WDUJHWHGWRWKHFHOOVXUIDFH
7KHUHIRUHPXWDWLRQVWKDWUHGXFHDFWLYLW\LQWKHHQ]\PHDVVD\DUHOLNHO\WREHGDPDJLQJEXWWKLV
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DVVD\PD\QRWGHWHFWPXWDWLRQVWKDWUHGXFHDFWLYLW\GXHWRLQDSSURSULDWHSODVPDPHPEUDQH
WDUJHWLQJRUPXWDWLRQVWKDWDIIHFWUHFHSWRUGHJUDGDWLRQ 
7KHIXQFWLRQDODVVD\VXVHGGRKDYHOLPLWDWLRQV$OWKRXJKWKHUDW135FRQVWUXFWLV!
LGHQWLFDOWRKXPDQ135DQGLGHQWLFDODWHDFKRIWKHDPLQRDFLGVPXWDWHGLQWKLVVWXG\WKHUH
UHPDLQVWKHSRVVLELOLW\WKDWQRQLGHQWLFDOUHVLGXHVORFDWHGQHDUPXWDQWUHVLGXHVFRXOGDIIHFW
SURWHLQIXQFWLRQ,QDGGLWLRQWKHDVVD\VGRQRWSURYLGHPHFKDQLVWLFGDWDIRUZK\WKHVH
KHWHUR]\JRXVPXWDWLRQVUHGXFHG135IXQFWLRQ1HLWKHUDVVD\LVDEOHWRGLIIHUHQWLDWHEHWZHHQ
ORVVRIIXQFWLRQGXHWRKDSORLQVXIILHQF\DQGORVVRIIXQFWLRQGXHWRGRPLQDQWQHJDWLYHHIIHFWRI
WKHPXWDQWDOOHOH 
7KHIUHTXHQF\RIKHWHUR]\JRXVFDUULHUVRI$0'0PXWDWLRQVZDVSUHYLRXVO\HVWLPDWHGWR
EHDERXW,QWKH1+/%,([RPH6HTXHQFLQJ3URMHFWWKHFXPXODWLYHIUHTXHQF\RIDOO
QRQV\QRQ\PRXV135YDULDQWVLVDSSUR[LPDWHO\LQa(XURSHDQ$PHULFDQVDPSOHV
7KHGLVFUHSDQF\EHWZHHQWKHVHWZRDOOHOHIUHTXHQFLHVKLJKOLJKWVWKHLPSRUWDQFHRIIXQFWLRQDO
VWXGLHVZKLFKFDQKHOSGLVWLQJXLVKQHXWUDOEDFNJURXQGYDULDQWVIURPWUXHORVVRIIXQFWLRQ
YDULDQWV,QRXUVWXG\RXWRIUDUHQRQV\QRQ\PRXV135YDULDQWVWKDWZHUHIXQFWLRQDOO\
WHVWHGRQO\VKRZHGGHFUHDVHGIXQFWLRQDODFWLYLW\$OWKRXJKWKHYDULDQWVZLWKQRLQYLWUR
IXQFWLRQDOFRQVHTXHQFHVPD\VWLOOFRQWULEXWHWRVKRUWVWDWXUHRXULQYLWURILQGLQJVDUHFRQVLVWHQW
ZLWKWKHIROGKLJKHUIUHTXHQF\RIQRQV\QRQ\PRXVYDULDQWVLQWKHSRSXODWLRQGDWDEDVH
FRPSDUHGZLWKH[SHFWDWLRQEDVHGRQHVWLPDWHG$0'0FDUULHUUDWHV 
'HVSLWHWKHUDULW\RI$0'0PXWDWLRQVDQGQRQV\QRQ\PRXV135YDULDQWVLQJHQHUDO
WKHVHORVVRIIXQFWLRQDOOHOHVOLNHO\KDYHUHODWLYHO\ODUJHHIIHFWVL]HVORVVRIIXQFWLRQDOOHOHV
ZHUHSUHYLRXVO\HVWLPDWHGWRUHGXFHKHLJKWE\a6'6$VVXPLQJDQHIIHFWVL]HRI
6'6DQGDFXPXODWLYHSRSXODWLRQDOOHOHIUHTXHQF\RIWKHVHPD[LPXPOLNHOLKRRG
HVWLPDWHVSUHGLFWWKDWaRILQGLYLGXDOVZLWKKHLJKWEHORZ6'6ZRXOGKDYHDORVVRI
IXQFWLRQ135YDULDQWDQGWKDWaRILQGLYLGXDOVZLWKKHLJKWEHORZWKHVWSHUFHQWLOHZRXOG
FDUU\VXFKDYDULDQW7KHVHHVWLPDWHVDUHVRPHZKDWKLJKHUWKDQRXUHPSLULFDOILQGLQJVLQWKH
WZRFOLQLFDOVKRUWVWDWXUHFRKRUWVFRPELQHGDQGDOVRVXEVWDQWLDOO\KLJKHUWKDQRXU
HVWLPDWHVIURPWKH)LQQLVKDQG(VWRQLDFRKRUWVRILQGLYLGXDOVEHORZWKHaVWSHUFHQWLOH
VXJJHVWLQJWKDWWKHHIIHFWVL]HRUWKHSRSXODWLRQDOOHOHIUHTXHQFLHVSUHYLRXVO\HVWLPDWHGIRUORVV
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RIIXQFWLRQ135YDULDQWVDUHLQIODWHG7KHKLJKHUUHSRUWHGUDWHVRI135PXWDWLRQVLQ
SUHYLRXVVWXGLHVFRXOGDOVREHGXHWRSRSXODWLRQGLIIHUHQFHVRUPRUHVWULQJHQW
VHOHFWLRQFULWHULDLQHDUOLHUVWXGLHVWKDWPDGHLWPRUHOLNHO\WRDVFHUWDLQLQGLYLGXDOVFDUU\LQJ
135ORVVRIIXQFWLRQPXWDWLRQVVXFKDVKLJKUDWHVRIIDPLOLDOVKRUWVWDWXUH,QWHUHVWLQJO\ZH
DOVRLGHQWLILHGRQHJDLQRIIXQFWLRQ135YDULDQWLQWDOOH[WUHPHVRI),15,6.KHLJKW
GLVWULEXWLRQVXJJHVWLQJ135JDLQRIIXQFWLRQPD\EHDPRUHFRPPRQFDXVHRIWDOOVWDWXUH
WKDQSUHYLRXVO\UHFRJQL]HG 
$0'0SDWLHQWVKDYHEHHQSRVLWHGWRKDYHDQDEQRUPDOLW\LQWKH*+,*)V\VWHP
FKDUDFWHUL]HGE\ORZLQVXOLQOLNHJURZWKIDFWRU,*)20,0OHYHOVKLJKJURZWK
KRUPRQH*+OHYHOVDQGODFNRIDUHVSRQVHWR*+WUHDWPHQW+RZHYHU,*)OHYHOVZHUH
QRWORZLQHLWKHUWKHFDUULHUVRI$0'0PXWDWLRQVRULQWKHVXEMHFWVLQRXUFRKRUW
ZLWKORVVRIIXQFWLRQPXWDWLRQVIRUZKRPGDWDZHUHDYDLODEOH/DUJHUSURVSHFWLYHVWXGLHVDUH
QHHGHGWRGHWHUPLQHZKHWKHUKHWHUR]\JRXVFDUULHUVRIFOHDUO\SDWKRJHQLF135YDULDQWVZLOO
UHVSRQGWRJURZWKKRUPRQH5HJDUGOHVV135ORVVRIIXQFWLRQYDULDQWVOLNHO\DFFRXQWIRU
DSSUR[LPDWHO\RIDOOSDWLHQWVZLWKVKRUWVWDWXUHKHLJKW6'6DQGVKRXOGEH
FRQVLGHUHGLQWKHGLDJQRVWLFHYDOXDWLRQRISDWLHQWVSUHVHQWLQJZLWK,66,QWHUHVWLQJO\ZH
LGHQWLILHG135ORVVRIIXQFWLRQYDULDQWVLQRIIDPLOLDOFDVHVVXJJHVWLQJWKDWVXFK
YDULDQWVZLOOSURYLGHDIUHTXHQWH[SODQDWLRQIRUSDWLHQWVZLWKIDPLOLDO,66 
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